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PREFACE 


Tin: llIIHl) KDI'JION MAINTAINS THK THESIS OF EARIJER EDITIONS TTIIAT Al.L 

stiultMits slioulcl an niKlcTstandiiig ot the* n*soiirL*(‘S at man's disposal and 

the* natural conditions under which th(‘ir utilization may be achicveel. This th(*sis 
is mon* pcrtiiKMit tlian ewiT in the world of toelay wher(*in all countries arc near 
neighbors and \N'h(Te e^conoiiiic e\ents in one country ma\, aiiel usually do, have 
repercussions in mam others. While an understanding ol the nature of natural 
rc'soiirce's and tin* conditions that a(h*e*t th(*ir utilization is paramount to all 
ihoughtlnl liti/ens, it is particular!) important to those whose* future fields of 
activity may be in the broad<*r aspc*cts ol biisine*ss or politics,^as well as to those 
who aspire tf) bi'ccnni* jirolessionals in siie*h fields as e‘coiiomics, soeiolog)% history, 
(»i law. 

Modern geography is parti) a physie'al anel partly a social science. It scc'ks, 
among otlicr things, to i elate facts of the natural (*nvironment to facts and prob- 
h’lns ol th(* soc‘io-c*conomic environinent. In this respect geography is one of the 
l(\\ scunces that atli*inpts to bridge* tlu* apparently widening gap between the 
physical and the social scu*nc(*s. Its position, although a difficult one, is of rapidly 
increasing importanee in the modern world. Economic geography is a subdivision 
of social geography in the broadest sense*. 

lu'ononiic gt'ographv iioestigates the diversity of basic resources and of major 
productne acti>’iti(*s of the difl(*rent parts of the world. It tries to ex aluate th(* 
eff(*cts that dillcTences in ph)sic*al environment have upon utilization of these 
n»sourci*s. It studies diflereiices in basic economic develojmient in various regions 
or countries of the world, as wt*11 as the nature of the trade which may result froip 
this differential dt*^’elopm(*nt. As is true of any science, economic geography is 
partly d(*scripliNe and classificatory, but its major function is to analyze, c'orrelate, 
and interpret. It may deal with a specific economic-geographic problem over a 
large an*a, or it may treat tlie interrelat<*d c*c*onoiiiic-geographie problems of a 
small region. 

Tliis book has been writt<*ii primarily for students from the freshman to the 
senior year. Tlie phraseology, we tnist, is clear and accurate and not unneces- 
sarily technical. Whih* the book is not intended for the specialist in geography, 
we hope that the* geographic approach to the complex pniblems of utilization of 
natural resources, including the problems ol their conservation, will be of interest 
to ])rof(*ssioiials in related fields, and to others who wish to have a realistic ap- 
proach to today’s world problems. 

Since the main purpose of the hook is to aid students in developing an under- 
standing ol the lundamc*iital.'‘ of economic geography, a few chapters are in- 
cluded which belong essentially under the heading of physical geography. Even 
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these, however, are oriented to their economic significance. The authors, after 
long experience in college tc^aching, are conviiicc'd that most students profit by 
a brief exposition of the* facts and principles of physical geography that are basic 
to th(‘ study of economic geography. 

While in essence this book is a general economic geography, the eflFects of cli- 
matic and other physical conditions upon distribution of the world’s agricultural 
production are so pronounced that, for purposes of comparison, it was found ad- 
vantageous to base the chapters d('aling with agrieultural resources and activities 
upon a limited number of large-scale climatic regions. 

In the introdiictor)' chapter the authors ha\’c set forth th(* general objectives of 
economic geography, llu'se objecti\es imply a knowledge* of fundamental geo- 
graphic facts, conditions, and principle's that aflect tlu* proc*e.sses whereby the 
peoples of the earth make tlu'ir living. Wliile thc'v must necessarily be consid- 
ered from the viewpoints of varying individual levels of living, they must also bt* 
considered from tlu* point of vi<*w of group living, for man livc's not for and b)' 
himself alone. I'herefon*, first attention is gix’cn to the distribution of population 
over the earth, raising not only th(‘ (jucstion of where the majorit\^ of the world’s 
peoples live, but also why tlu'y live there and what change's in this distribution 
mav occur in the forc'secable future. 

The* introducte)r\' chapters are* followed by others that deal with the general 
asj^ects of the earth surface, such as land fe)rms, mineral reseMirt'CS, and soils, par- 
ticularly in their relation te) land use. These are feJloweel by chapters that discuss 
the major climatic regie)ns of the* world fre)m the pe)int of \'iew e)f general proeluc- 
tion capacities anel specific production possibilitie's, with emphasis upon physical 
and other cau.ses of similarities and differences. In this manner the geography 
of the world’s agriculture in its relation to worldwide well-being is brought iyto 
clear focus. 

Tlie third division of the book emphasizes the minc'ral resources which man 
uses to produce the tools of production as wt'll as many consumption goods. Here 
are treated the rocks and minerals which ser\'e as raw materials in nature’s proc- 
esses of soil formation and with which man builds structures and machines, 
^nder this heading come the power resources which serve as the basis for modern 
industrialization, togi'tlicr with the fashioning of metals into forms whereby power 
can be harnessed and put to productive use. In these chapters attention is called 
to the fact that through the use of natural power resources modern industry attains 
high per capita production, thus making possible high standards of living. Man, 
whose expenditure of (*nergy was formerly the chic'f source of power for the pro- 
duction of goods, has bc'come a director instc'ad of a source of power. 

The fourth division emphasizes manufacturing and commerce, the two processes 
whereby goods are made* and widely exchanged for the benefit of an ever- 
incrcasing proportion of the world’s population. 

Thn)ughout the discussion emphasis is put upon the fact that maintenance of 
present high standards of living depends upon wise use of resources. Conserva- 
tion implies such use. It maintains that waste*, physical or economic, is inexcus- 
able, but it does not advocate withholding resource's from utilization. The prin- 
ciples of conservation of natural reseairces apply me)st obviously to soils, petroleum. 
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natural gas, coal, the metallic minerals, and forest resources, but it should be 
understood that they appl)' to human resources as well. 

The authors have tried throughout this volume* to focus students' attention upon 
a general objective, to think upon a basis of fact. To use facts as a basis of 
thinking rather than as nic’re items of memory provides incentiv e toward develop- 
ment of habits of thought that will endure. This is an educational objective of 
highest significanci*. “Study without thought is wasteful. Thought without 
study is dang(*roiis.” (C.’onlucius) 

Nels a. Benctson 
W ii-LiAM Van Royen 
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Chapter One 


THE FIELD AND FUNCTION 
OF ECONOMIC GEOGRAPHY 


Man has been the slave of his 
matiTial ucvds for untold generations. This 
IS true especially in those parts of the world 
where Nature was niggardly in her produc- 
tion of natural substances directly suitable 
for food, and where the existence of a win- 
ter season necessitated protection agaiii.st 
cold and provision against seasonal defi- 
ciencies in food production. The idyllic 
life of the proverbial South Sea island, 
where* throughout the year food is available 
merely for the* harvesting, whe're clothing 
is essentially decoration and shelter needs 
to be little more than a roof, where there 
is an abundance of time for play, song, 
laught(*r, and the exercise of all the artistic 
talents, has been possible only in a few of 
the world’s most favored spots. Even there 
it was possible only so long as people did 
not become too numerous. Everywhere else 
man has had to go at the business of mak- 
ing a living for himself and his dependents 
in dead earnest. In many parts of the 
world this business was grim indeed, fre- 
quently involving physical effort from sun 
to sun. 

In all cases man had to make this living 
by applying labor — most of it physical, 
some of it mental — to the resources at hand. 
Natural resources occur everywhere in vary- 
ing kinds, quantities, and qualities, but 
hardly any are available and ready for in- 


stant use and are so abundant — ^such as air 
— that they ctinstitute free goods. Most 
of them are found in limited quantities 
and acquire utility — or become “utilities” in 
ecwomic parlance — only as man exploits 
them, that is, makes them available and 
suitable for the satisfaction of human de- 
sires. Only thus may resources become 
real economic goods or wealih. 

Unused resource's are not real wealth, but 
merely potential sources of wealth. For 
thousands of years the vast coal deposits of 
North America did not constitute wealth to 
the native inhabitants, and even at present 
part of these deposits do not cxinstitute 
wealth, as they may be undeveloped, or 
may be too deep for present successful ex- 
ploitation. However, if unused resources 
are ri'cognized as potential sources of 
wealth, they may be exchanged for eco- 
nomic goods, and thus acquire v alue. 

The creation of wealth — production — is 
based upon man's utilization of natural re- 
sources. As nearly all of these resources 
are limited in quantity and some are of 
mediocre quality, and as the total number 
of inhabitants of this world is increasing 
rapidly, notwithstanding modem wars, it 
is highly desirable that such utilization be 
as efficient as possible with a minimum 
of waste of the resource involved and of 
needed energy. 
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Coinfortiihlc^ living based upon an opti- 
iiiinn p(T capita wealth lor the entire pop- 
ulation ol a region is larg(*ly a function 
()1 aN'ailahle res()ure<\s, man's ing(*niiity in 
adapting tla'iii to his own use, the phvsieal 
(MiiM gy at his disposal, and the total niiinlxT 
ol p(*o])le whos(‘ desires have to be satisfied. 
Since* the* prior satisfaction of certain mate- 
rial ii('(*ds is indispensable* to the de\eIop- 
nient of inan\' ol man's liigher capacities, 
material prodnetion is basic to the existcMice 
of all types ol socie'ty, priinitivi* as well as 
modern, simple as well as eoinplex. 

Ilowev’cr, man, depending on his owm 
physical jiower lor the n(‘ct\ssar\* acepiisition 
and translorniation ol raw matt'rials, ev(*n 
supplemented by the power of domesti- 
cated animals or the* small-scale use of 
water or wind, can produce only at a slow 
rate* and in small ejuantities. Thus, for 
thousands of years he could eat his bread 
only by the* sweat of his brow. The* average 
man was ne*\er far from a marginal to sub- 
marginal meide of existence; his worldly pos- 
sessions we*re few, his me)me*nts ol le*isure 
were brief and rare. Be*te)re the so-called in- 
dustrial era, agriculture* was by far the most 
common occupation in the weirld and the 
se)urc*e of a large proportion of the we*alth. 
In fact, individual we*alth could generally be* 
amassed nio-st succes.sfiilly by large, landed 
proprieleirs. 

SiiK*e no eirdinary person could product* 
much above his own basic needs for sub- 
sistence piirpeises, there* had to be a large 
niimbc'r of primaiy producers. Methods of 
manufacture we*re simple and laborious. 
Though the quality of the manufactured 
goods lrequ(*ntly w^as high — .sometimes ceni- 
side*rably higher than that of modern ma- 
chine-made preiducts — the quantities pro- 
duce*d were small. Tims the amount of 
manufactured goods a\'ailable per capita 
was small, and, comparatively speaking, 
prices for manufactured goods were high. 
Each community was nearly self-sufficient, 
because it c*ould not demand and did not 
feel the need for many outside products. 

Power and production. In order that 
the average man may live well, and have 


comforts, leisure, and even a few luxuries 
at his disposal, not only are large amounts 
of tiansformabh* inLit(*rials nec<*.ssary, but 
tht* prodiu'tion proe(‘ss(*s must be carried 
on with th(* aid of much j)ower and at a 
rapid rate. This is esp(*cially true where 
jx*ople are num(*rous and where Nature 
forc‘t*s high(*r minimum nf*ed.s on man, as 
in the middle and higher latitudes. 

Th(* human (*ftort.s, physical and mental, 
which are directed toward the production 
of goods and sc'rvices, we commonly call 
hihor. As a result of man’s technical prog- 
ress, labor now can b(* supplemented bv 
natural power resources — huge stores ol 
energy which were practically unns(*d dur- 
ing the* ages prior to the nin(*t(*enth c(*ntury. 
Tlirough the use ol coal, petroleum, natural 
gas, and hydro-electrically harnessed falling 
water, t*v(*ry a\’erage Am(*rican family has 
at its disposal, indifi*ctly and directly, the 
equivalent of 120 th(‘oretical horses working 
8 hours a day, 6 days a week.^ 

In the factfjry. Bec'ause of these power 
resources, it has been possible to reduce the 
working hours for industrial employees in* 
this country from 12 or 14 hours a day to 
8 hours, and in some cases to only 6 hours 
a day. 

The extensi\e us(* of power, applied 
through an enormous variety of machincr)% 
permits high .specialization of tasks. Al- 
though this specialization results in certain 
evident disad\ antages for the individual as 
well as for society as a whole, it also rc.sult.s 
in production of greater surpluses which 
may be exchanged, through the mc'diiim of 
money, for the div ersity of things implied in 
the expression “a high standard of living.” 
Notwithstanding the dec '•ease in working 
hours, the daily wage has not suffered. 
The worker receives more in real wages for 
his 6 to 8 hour day now than did his prede- 
ces.sor of Revolutionary times for his 14 
hours of toil. The workers in the mills and 
factories have, on the whole, better working 

^ Energy Resources aruJ National Policy, Re- 
port of the Energy Ke.sf)uri'es Committee to the 
National Resources Committee, Washington, D. C., 
1939, p. 8. 
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conditions than they ever had before, and 
they (*njoy luxuries in food, clothing, and 
r(*creation such as >vere unattainable for 
most people before the industrial (»ra. 

Of! the farms. Large-scale use of power 
has greatly simplified many of the onerous 
tasks of farming. Th(‘ adwnt of th(* auto- 
mobile and the tiiick brought a great saving 
of the time loriiierly spent in hauling 
products bv means of horse-drawn \ ehicles. 
However, the most ifindainental change 
in this coiintr)', and what may be said to 
amount to the firsi real agricultural rcvolu- 
ticn in the history of ci^’ilization, did not 
come until the middle ninet(*en-twenties 
and the early thirties, with the in\'(‘ntion 
of the general-puipose or row-crop tractor 
with power take-oil, power-lift, and low- 
pressun' pneumatic tires. 

Up to di(* end of 1938 about se\(Mi and a 
half million hoises had been displaced in 
this country by powei ('(juipment, probably 
five million of tliein by tractors. Between 
the end of 1938 and the l)(‘giiining of 1947 
th(*re was another di'crea.se in the number 
of work horses of approximately 4,60(),(KX). 
It is estimated that there is a saMiig of about 
f)5 hours a year in labor needed for each 
horse displaced by ti actor power, and that 
the as erage number of hors(\s displaced per 
tractor is about 4.4. Thus it can be .seen 
that by substituting tractors lor horses the 
total reduction in labor utilized in mainte- 
nance of farm-power units nins into the hun- 
dreds of millions of man-hours. Besides, 
it is estimated that the as erage li actor sasx^ 
850 man-hours per s ear on all kinds of ss^irk 
needed on the faim. The numbei of trac- 
tors on farms in the United States has in- 
creased from 920,(K)() in 1930 to 3,150,000 
on January 1, 1948. The real agricultural 
revolution is upon us! 

Power, transportation, and economic 
distance. As long as horse-drawn carriages 
or wind-propelled ships were the fastest 
modes of travel and freightage, the earth 
seemed large. Places a few hundred miles 
away were remote, and only nonperishable 
goods of high value could be exchanged. 


All transportation was slow, and land trans- 
portation was both slow and cosily. World 
markets for the agriculturjil products of in- 
terior lands were out of the cpiestion, and 
only products that would not easily spoil 
could be shipped by sea. Production of 
most goods needed by man was in close 
proximity to the places of consumption. 
Supplies of foods and raw materials con- 
sist(‘d chiefly of what was locally ax ailable. 

The world consisted essentially of a large 
number of small, nearly closed regional 
economies. With tlu* dev elopment of rapid 
means of traiispirtation and communica- 
tion, all this has been changed. Express 
trains, steamships, trucks, aiitomobil(*s, air- 
planes, t(‘leph()nes, and radios have* brought 
changes more i e\ oliitionary than most of 
us realize. Though its miles remain un- 
changed, the wwld has indeed become 
small. From the v iewpoints of trade, com- 
munication, and politics its size is but a 
fraction of what it was in th(‘ days of Wa.sh- 
ington and Jefferson. Then, the voyage 
across the Atlantic inv'olved weeks and 
sometimes months of discomfort; now, it 
can be made by airplane in less than a day. 
The changes haw made all continents into 
close* n(*ighbors instead of areas of little con- 
cern to one another because of unbridged 
di.staiK‘e. 

Factors of production. Tlie relatively 
high standards of living which have been 
characteristic of the so-called industrial 
coimtries under peacetime conditions are 
the results of mans use of the machine, 
whereby he employs for productive pur- 
jK)ses th(* ent*rgy of coal, petroleum, natural 
gas, and falling water. By utilizing and 
directing this energy through the machine, 
man has been able to produce tremendous 
quantities of goods, in contrast with his low 
per capita productivity of a century and a 
half ago^ The use of natural (mc'rgy also 
has enabled him to move himself and espe- 
cially his goods fast and far, in comparison 
with the snail’s pace of former centuries. 
Because of these circumstanci's the changes 
in the modes of living which have come to 
the people of the United States and other 
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industrial countries have been far-reaching 
and profound. 

In 01 ir modem industrial economy, in- 
stead of liaving to deal with the four classi- 
cal factors of production — natural resources 
(“land” of the economists), labor, capital, 
and entrepreneurship — really should take 
into acc'ount five factors: ( J ) those natural 
resources which we translorin into C'on- 
sumer and capital goods, including land; 

(2) power deri\ed from natural resources; 

(3) capital goods; (4) labor; and (5) man- 
agein(‘nt. The treiiK'udous amounts of nat- 
ural energy which imn has learned to tap 
have made possible both the construction 
and the cxtensi\'c use of ever larger and 
mom ingenious machinery, thus greatly ex- 
panding the role played by capital goods in 
our modem economy. 

The importance of natural resources. 
Machines have been known for hundreds 
of years. Tlie Romans knew and con- 
structed machinery. Machinery was used 
during the Middle Ages and succeeding 
centuries before the so-called “industrial 
rev'olution.” \Vliat is new is the use of 
power, first through the use of wind and 
wood, later through that of coal, oil, gas, 
and, ill the near future, perhaps atomic 
energy. This use of natural pow(T has 
made it possibh' to create our modem type 
of economy, which is essentially a “power- 
machine" (‘conoiny. For the creation of the 
complicated capital equipment it needs, and 
for the ever mor(* complex consumers goods 
it produces, not only large quantities of re- 
sources are nei‘ded, but also an ever increas- 
ing Viiriety of rcsoiirc*es. 

The subject of economics deals primarily 
with three important phas(\s of everyday 
life: (1) production, the creation of eco- 
nomic goods; (2) the distribution of eco- 
nomic goods; and (3) the mechanism of 
exchange of goods for goods. This latter 
phase, in its multifarious aspects such as 
valu<*, media of exchange, prices, and the 
working of laws of supply and demand un- 
der varying market conditions, has had a 
great part of the attention of students of 
economics. But since the problems of pro- 


duction are more basic, they are becoming 
more pressing as a result of increasing 
specialization of production and the rapid 
increase in the total population of the 
world. Basic to production are resources, 
of many kinds and of varying qualities, and 
these* are affected in many ways by the 
natural conditions under which they occur. 
Thus, a study ol resourct\s iroiii the eco- 
nomic geographic point of \iv\v — that is, 
taking into account their distribution as well 
as (he numerous ways in which the natural 
en\ironment affects their (juality and their 
usefulness — is basic to any thorough under- 
standing of modern economics and modern 
economic jiroblems. 

Man and the natural environment. So 
great has mans technical progre.ss been 
during the last one hundred and fifty years, 
so much has his in.Night into Nature dec'p- 
ened and Ins ability to utilize Nature in- 
creased, that hi* is sometimes inclined to 
the belief that his ingenuity has finally 
gi\'en him tlic* whip lumd and lliat the 
physical einiionment is at pre.sent some- 
thing of sec‘ondary importance, something 
essentially passixe and existent only to sejve 
him as he s(*es fit. While it is, of course, 
foolish to bc'liexe that Nature ever deter- 
mined man's mode of life in the strict sense 
of the word, it is equallx^ foolish to believe 
that modern man through his high technical 
dc'xelopment has become independent of 
Nature. Witness the recurrent aetivitj’ of 
our major and minor “dust bowls.” Wit- 
ness our rapidly silting resen^oirs, the diffi- 
culties we hax’c with our rivf*r floods, and 
our inability significantly to “improve” our 
weather and climate. Notwithstanding all 
the artificialities of modern life, especially 
modern urban life, man and his various 
activities can never escape the diret't or in- 
direct limiting effects of the natural environ- 
innit— and we use the tenn here in its 
broadest sense. 

The importance of a differentiated not- 
ural environment. If the natural environ- 
ment were uniform throughout the world; 
if there were no differences in relief, rocks. 
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soils, climate, natural vegetation and crops; 
if power, metal, and other resources were 
equally distributed throughout; then the 
productu^n of material goods, particularly 
in our modern power-machine economy, 
which must draw on so many different sub- 
stances, would be infinitely simpler. Al- 
though phvsieilly such a “world without 
geography” would be of deadly monotony, 
economies and other social science’s would 
have th(’ ad\ antage’ of being able to concern 
themselves only with thc’ problems resulting 
from the* nonhomogeneih^ of human inate- 


A striking illustration is the Eskimo, because 
his life is so diflen’iit (Ulus, below). He 
must live under conditions which do not al- 
low tor sedentary crop agriculture. He v/dts 
mostly the meat of wild animals, blubbiT 
and fish, occasionally supplemented by ber- 
ries and leaves. l:Ic’ mu.st hav(' a sturdy 
dog team and sU’dge to obtain these sup- 
plies, as well as the raw materials for tlu' 
rather t'laborate fur and .skin clothing which 
must protect him against the low tempera’ 
tures of the long Arctic winter. And ever) 
fall an igloo or stone house needs to be con 



Lift* 111 the Arctic. Siberian Eskimos in front of their snininci dwelling. 


rial and the gent’ral problems of efficiency 
of production. The sciences -of society 
would be simpler; the problems of society 
might be slightly easier of solution. How- 
ever, as things are, with profound regional 
differences in the natural environment, none 
of the social sciences can afford to ignore 
or treat lightly tlie basic geographic reali- 
ties. 

Differences in kinds of productio?/ and 
productive activities. Illustrations of dif- 
ferences in kinds of production and eco- 
nomic activities due to basic diflerences in 
the physical environment are so numerous 
and varied that no brief list of examples can 
reflect the diversity of existing conditions. 


stnicted or reconstructed with considera- 
ble can* and ingenuity so as to shelter the 
family against the winter storms. Never- 
theless, e\x*n here the environment does not 
entirely dictate man’s economic activities. 
In the Eurasian Arctic, tribes living under 
fairly similar conditions have succeeded in 
taming the reindeer and exploiting the graz- 
ing lesoiirces of the Arctic lands in such a 
manner that their life is somewhat less haz- 
ardous than is that of the E.skimos. 

The forest Negro of Africa lives in an 
apparently much friendlier environment. 
TempcTatures are such the year around that 
needs for clothing are at a minimum. Such 
clothing as is worn often constitutes more 
protection against insects than against the 
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i lemnits. Similarly the ikhhIs for adequate 
shelter are much less compelling A good 
roof ()\erhead as protection against the 
l)(‘iiting tropical rams is perhaps the prune 
n(‘cessitv and is easily constructed with a 
\ariety of Natures materials ( llliis. below). 
The growing season may last all year, or at 
least as long as rainfall is sufficient, and 
tillage' agii culture can 1 k‘ cairied on with 


ages of disease. For example, yellow lever, 
once the scourge ol tiie American tropics, 
has been nearly eradicated. 

The physical emaronment does not elder- 
mine the economic activity and the mode ol 
life of mail. In the Great Plains area, for 
example, th(‘ prehistoric Indians were semi- 
sedentary agrieiiltiiralists, the Indians of his- 
toric times wen' mostly nomadic hunters 



Courtesy Agi’tiu Lcononuyur (te VAfriyue OccideiUalc Fran^aisc. 
Lift' in till* Tropics A Negro village in the norlherii Siidiin. 


relatively little efloit. While the hunt may 
provide supplementary animal food, the 
stall of life consists ol plant foods. Lite 
appears much easier, but the tropical cli- 
mate IS often debilitating, and diseases may 
take a heavy toll, thus creating serious 
obstacles against a more efficient use of 
the available resources. Howex er, modern 
tropical medicine and modern sanitation are 
doing much, and may do still more to make 
life in the tropics less subject to the ra\*- 


after their acquisition of the horse, and in 
the same environment the white man is pri- 
marily a sedentary agriculturalist although 
he carries on a multitude of oth(*r economic 
activities. Still, basic differences in the 
physical emironmeiit cannot be wiped out 
even by the advance over the earth of 
the modern power-machine ec-onomy. The 
modes oi liie of the nomadic Arab of the 
Near East, the fclUihin of the Nile delta, 
the wheat farmer of the High Plains, the 
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fisherniuii of Norway, the longshoreman ol 
New York, the factory worker of Detroit 
or Pittsburgh, or the collee grower of Brazil 
will never be the same. In each case the 
physical environment, though it does not 
determine a mans activities, puts certain 
limits upon the types of things he can pro- 
duce and the kinds of economic activities 
in which he can successfully engage. 

Indireetlv, through differences in ecx)- 
nomic activities and modes of life, differ- 
ences in the natural environment may even 


and alertness. Thus, through the centuries, 
the stern requirements of life in this north- 
ern land have had their effects upon the in- 
habitants, only those who could meet them 
having survived. The Norwegians of to- 
day — virile, agile, alert, and sincere — have 
been influenced as a regional group by 
many of the factors of the physical environ- 
ment. 

In southern Europe are a people, the 
Spaniards, whose mode of life and trends of 
thinking are quite different. The contrasts 
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Aalesund, Norway. An important commercial center and tlie home of a largo fishing fleet. The rug- 
gedness ot the co.i.stline loaves but little room for Inisiiiess blocks and residences. 


contribute to fundamental differences in 
thoughts, ideals, and character. 

The Norwegians, for example, are noted 
for their vigor and thrift as well as for 
their prowess in seamanship. In Norway, a 
country of mountain ruggcciness with thin 
and stony soil and a short growing season, 
the people nimst face an unusually difficult 
problem in making a living upon the land. 
Ihe adjacent sea has been friendlier than 
the land, and consequently along the west 
c'oast numerous Norwegians have turned to 
it (Ulus, above). For success, however, 
the sea has demanded courage, strength. 


in the activities and characteristics of the 
Norwegians and the Spaniards are due to a 
complexity of factors, but among these the 
importance of a different physic*al environ- 
ment and the a\ailalnlity of different re- 
.sourees cannot be denied. The Spaniard ot 
the most favored parts of the country — the 
productive districts of the southern regions 
— is quite different from his brother of the 
bleak Castilian plateau. The fertile and 
sunny coastal plains and valleys have al- 
ways yielded abundant produce and have 
lacked the sternness with which Nature has 
faced the Castilian. 


s 
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But one ii(‘(‘d not go to distant lands to 
gatlier examples oi important cultural dif- 
(en*nc(*.s that stem from differences in eco- 
nomic activities. Tlu' business lu'ads and 
cltTks who work in the financial district of 
New York City may spt‘ak glibly of “mar- 
gins,” “soft markets,” “accc'pt profits/' and 
“stop-loss orders'" — terms which must sound 
ominous and mysterious to the ami larme^rs 
of Iowa. Yet the Iowa farmers are keen 
judges of soil, pigs, and cows and are as 
expc'rt on farm practice's as some New York- 
ers are on stock-market activities. The 
sugar planters of Louisiana live in a world 
quite unlike that of the sheepherders of 
Wyoming or the coal miners of rennsyl- 
vania. In each ease differences in environ- 
ment lead to differences in acti\'itit's and 
products, and often to differences in culture. 

Differences in capacity of prodnetion. 
Differences an* not limitc'd to kinds of pro- 
duction; th(‘re are \'aiying capacities of 
pioduction as well. Some areas have great 
actual or potential productixe* capacity; oth- 
ers have but littkv e\en with th(' aid of 
all the most modern means of exjffoiting the 
natural resources and modifying the natu- 
ral landscape. To some extent these differ- 
ences are expressed in the great extremes in 
density of population throughout the world. 
Sharp contrasts in density of population are 
the rule rather than the exception. Parts 
of Britain, France, Belgium, the Nether- 
lands, and Germany, well-endowed with 
good soils, a suitable climate, large power 
and other nxsonrees have densities oi popula- 
tion which range from J25 inhabitants per 
scpiare mile to ()\er 700 per scpiare mile. 
Northern Finland and northern Jhissia, with 
poor soils, a short growing season, few' 
suitable crops, and large forests .show less 
than ten inhabitants per square mile. Ex- 
cept perhaps for limited areas, they will 
never equal in population density the bet- 
ter parts of w'cstern Europe. The plains of 
Romania, wdth good soils but frequent 
droughts, will probably never be able to 
support as den.se an agricultural population 
as wdll parts of the Netherlands and Bel- 
gium, w'hc're the soils may not be quite so 


fertile, but where th(' climate is more d('- 
pendable and thus agricultural productix'ily 
is higher. On the otlier hand, the island ul 
Java, which is well-wutered, lertile, and can 
produce two or e\c'n three crops per yc*ar 
because' of its yc‘ar-round growing .season, is 
able to .support a gn^ater density of agrarian 
population than are the* Low Countries. 
Still grc'ater dcMisities can be .supported by 
indu.stiial di.striets such as thc‘ Ruhr, north- 
ern France, central Belgium, and the British 
in d uslrial di st ri cts. 

Jn Asia, Cffiina proj)er rcxseinbles a bec*- 
hivc in its pojmlalion density, while the 
desserts and scmidc.sc'rls of Mongolia and 
Sinkiang and the highlands ol "I’ibet are 
open, empty spaces. In Africa, the lower 
Nile Vallc'v pie.sc'iils a .striking contrast in 
population with the near-by Libyan and 
Nubian dexserts. 

Jn North Amt'rica millions of pe'ople are 
crow'ded into the gu'at indu.stiial areas of 
the ca.st, wdiilc* the arid w’e.st has ext(*n.si\(‘ 
areas whc'rc' pc'oph' dwell miles apart (()71 
per .sejuare mile in Rhode Island, 1 in 
Nc'vada). Although eontra.sts in popula- 
tion cLiLsitv may be due to many cau.s(*s, 
fundamental cliff ('reneexs in the natural en- 
vironment rank among the ino.st inijxirtant. 

Differences in technical development* 
High standards of li\ing are not by any 
mc'ans universal. The change's in mode of 
living and the general rise in the standard 
of living that lune come to the pc'oplc' of 
the United States and the other indu.strial 
nations using large pow'C'r rt'.sourees and 
modc'rn machinery have as yet been only 
.slightly characteristic of many other parts 
ol the wurld. 0\er much of the C'artli 
people are still living about as thc'y have* 
lived for centuries pa.st, clinging preeari- 
on.sly to old, often primitive methods of 
procluetion, performing the same task.s, 
thinking the same thoughts, spurred to the 
same types of action by the .same hopes and 
fc'ars as their forebears. Such conclition.s, 
where the machine is virtually unknown, 
exist not only for the inhabitants of the 
African forest, the savanna, or along the 
rim of the world's deserts, or among millions 
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of proplf* ill India and China, but even in 
parts of our own Appalacliiaii Mountains. 
Tlie filial eoiicpiest of the earth by thi* 
pow'er-niacliine economy is yvt to come, and 
it and when it does come, it may greatly 
alter the ])r(»sent economic jiattern of the 
world and the existing distribution of popu- 
lation. Tlies(' lutnn* patterns will probably 
be nearly a., irn'gular as the extieniely ir- 
regular di.striluitioii patterns of most of the 
basi». natural resoiir«*s. 

Increased exchange possibilities. 
(Changes’ of teehm([iie ha\'e aflected tre- 
inendonslv th(" whole .social strneture. Tlie 
industrial nations ha\(‘ felt the iiifluenecxs 
most profoundly, but nearly' all peoples of 
ll:i‘ (‘.irth ha\e be(‘ii alleeled in .some dt*- 
fjn'e. Onlv a .small percentage of those 
Inine in almost complete i.solation, .such as 
.some of the Indian tribes of tli(‘ Anm/on 
basin, th(* I^ipiians of interior Nrw (hiiiiea, 
or some of th<* Aictie E.skimos, remain vir- 
tiialh imlonelK'd Now the world is small, 
ideas *11 (‘ e\eh.mged with almost incredible 
swiftness. The' t(*l(‘grapli, the t(*lephone, 
and the radio coii\ey news to all parts of 
the world in fe^^el miniites than the num- 
ber of months formeilv iien\s.sarv. Majoi 
e\ents in auv country are known in all other 
countries almost as soon as they occur. 
The progress in the* exchange of goods has 
been almost as revolutionary as the progress 
in comiiiunication. The diner in New York 
may eat lu'ad lettuce from the Imperial 
X'alley, bananas from Honduras, or papay^a 
fnim Puerto Rico at the* saiiu* nK*al at which 
he drinks coflec from Brazil or tea from 
India. 

Specialization of human activities. 
DifTerentiation of activities is an outstand- 
ing charactcTi.stie of the present age. In- 
stead of one man doing many things and 
being inefficient in most of them, one man 
does .some one thing or manages some one 
line of actix’ity and does that well. Tre- 
mendously increased energies ax'ailalilc for 
power have incR'ased tlu* per capita produc- 
tion manifoldly. Individuals, commiinitie.s, 
and states have ceased, though often gnidg- 


iiigb and with frecpient relapses, to hold to 
the ancient idea of .self-.sulficic*ney, and, in 
.so far as they ha\e not been limited by arti- 
ficial, r(\strictiv(‘ measures, haxe tended to 
bec*onu‘ efficient .surplus producers of a few' 
things, while .sati.sfying other W'ants by e\- 
ehang(‘ for tht‘ .surplus products of oth(T 
regions. On a w'orld basis, a siiffieic'iiey of 
every commodity e.s.scntial to liiunan life 
seems jinssible if W'orld population does not 
increa.se too rapidly and if population be 
di.stribnted more in accordance with the 
economic potentialities of the different parts 
of tlie world than is the ca.se at jDnxseiit. 

It will alw'avs be true* that c(*rtain items 
can be produci'd more acbaiitagi^oiisly in 
.some regions than in othc*r.s, and that .somi' 
regions will have* a surplus of a commodity, 
while others w'ill have a deficit or may not 
b(* able to produc(‘ it at all. A much greater 
degre(‘ of regional .spc^cialization in tlu* 
world than is po.s.sible at jnes(‘nt under tlu* 
den.se w'eb of tariffs, (piota, financial, and 
olhcT track* re.strietion.s, would redound to 
the beiK'flt of all inhabitants of the world. 
In fact, such .spc'cialization is neces.sary if 
the world is to be able to feed and support 
all its inhabitants in a decent manner. The 
h.Ifillment of this ne(‘d w'ill dt*pen(l not only 
upon modern transportation facilitiexs, but 
also upon the efficacy of international .social 
and economic organization. 

The importance of geographic studies. 
The economies of regions or countries an* 
created by man and are therefore aflected 
by iiumcwus human factors. However, 
thc*y are conditioned to varying degrees by 
the facts of the physical environment: by 
regional differences in that environment, by 
dilfcrc*nct.‘s in the distribution and cjualities 
of the natural resources, and by such differ- 
ences in the capacity of production as are 
due to the natural environment. While* the 
cffectivTness of such influences usually is 
clear in the ca.se of agrarian regions, or of 
industrial regions utilizing predominantly 
local raw materials, in other ca.ses it may 
not be (jiiite so cl(*ar. For example, even 
.such apparently completely man-made re- 
gions as Greater London or Greater New 
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York c*()iild not exist without the easy acces- 
sibility coiitf‘iTed upon them by the physi- 
cal en^'i^onment and further inlpro^'ed by 
man. It may be triithliilly said that no 
anaK'Sis of the economic life of a region 
can have validity unless it explores thor- 
oughly the geographic facts and factors. 
SoiiK* ol these facts and factors are physical 
in nature. A basic nndei standing of the 
physical (MivironnuMit remains an essential 
erudition for a correct appieciation of the 
economic and social siiperstiucture, not- 
withstanding the highly de\eloped teclini- 
cal skills of modcTii man — in final analysis 
he still must li\e ofl and with Nature. 

Modern g(*ography is in part a physical 
science, in part a social science. As, among 
oth(*r things, it att(‘mj)ts to relate* facts of 
the phv.sical eiixiroiiment to those of the 
.social environment, it is one of the few sci- 
(*ncrs which tries to bridge the apparentlv 
widening gap between tlu* two gu*at groups 
of the* pliysical and tlu* social sciences. Its 
jiosition is a difficult one, but an extiemelv 
important oik*. 

riujsical }^('0{^raphti <*mbrac(*s studit‘s ol 
cartography, the elements of W(*ather, cli- 
matology, land forms or niorphologj^ of the 
land, wat(M' bodies and drainage, .soils, nat- 
ural vege'tation, and animal life. Social or 
human jiyo^mphij embraces economic ge- 
ography, .social geography in the .strict .sen.se 
of the word, political geography, hi.stori- 
cal geography, and certain other phases of 
geography. 

Economic ^cographij investigates the di- 
versity ill basic resources of the different 
parts of the world. It tries to evaluate 
the effects that differences in the phy.sical 
cnviroiiiiicnt have upon the utilization of 


these resources. It studies differences in 
economic development in different regions 
or countries of the world. It studies trans- 
portation, trade routes, and trade resulting 
from this differential development and as 
affected by the physical environment. 

The problems of progress. Industrial 
civilization of today depends upon the utili- 
zjition of power and mineral re.sources. 
These resources are* the* keynotes to efficient 
production. Through them, if rightly used, 
the world can progress from s(‘arcity to 
measured abundance, from poverty to rela- 
tive pr()spi*rity. Wrongly u.sed, for milita- 
ristic purj)o.s(*s, these resources can com- 
pletely wr(‘ck all that man has acliiev'(*d 
thus far. lliroiigh th(*iu le*i.sure can be 
made po.s.sible. Rightly u.sed, this leisure 
may gi\e opportunity for the development 
of a fine type of culture; wrongly used, lei- 
.sure and luxury may bec*onie forces leading 
ultimately to tht* decay and de.sti-iiction of 
civilization. 

The b(*.st use of resoiuces is — or, at lea.st, 
.should be, the basis of all modern ectmomic 
activity, e.specially in view of the rapid in- 
crease of the population of tin* world. It 
requires a .sound understanding of thq, na- 
ture of national resourci\s, of the various 
factors of the natural enviiomnent and 
their relatioiLships to various types of econ- 
omies in the world. The goal of economic 
geography is to contribute effectively to- 
ward .such under.standing. It sfiould lead 
the student to become a more efficient 
worker in the ec*oiiomic realm and, more 
important, it should enable him to meet 
more intelligently the problems of citizen- 
ship. 



Chapter Two 


DISTRIBUTION OF POPULATION 


1'hE most STRIKINC; I AC’J ABOUT 
population distrihiitioii is its great iiiieveii- 
iK hi soiii(‘ places p(‘ople li\ e so crowded 
togfTliL r that we arc* inclined to wondei how 
tlicw can he comlortablc', while in either 
places ihev are so widely scattered that the 
isolation might app(‘aj dejiressing. The 
denisity of jiopnlation \aries from that of 
Manhatlaii Island, (h(*at Hrilaiii, or the 
teeming lowlands of eastcTn Ohina, to that 
of th(‘ vast, sparsely jieojiled expanse's of 
noitli(*rn Canada or the* Ania/on lowlands. 
Such contiasls raise rpK'stions. "|iist how is 
mankind distrihuted*-^ Why is tlie distribu- 
tion so nne^el^'^ Is this nnevenn(\ss a per- 
manent leatuie of liiiinan geography or will 
the people' gradually spre^ad out evenly? 
Are the differences in density increasing? 
Are* some areas growing in population while 
otluTs are declining? And what do these 
differences mean to us?” 

Personal meaning of various densities. 
Figures of population density will have 
more significance if yon will try to iinagine 
how you personally would feel living un- 
der \'arious conditions Do you live in a 
crowded section of a city? In a suburb? 
In a small town or \'i]lagc? On an inten- 
sively cultn ated small truck farm? Or out 
ill the great open spaces on a ranch? Do 
you live in an apartment with neighbors on 
three sides of you, above, and below, as on 
Manhattan Island (population density 85,- 
836 per square mile)? (Ulus. p. 20.) Or 


do yon hht' m the suburbs w^here there is a 
house lor each family and a plot of ground 
for lawn and garden around each house? 
(Jlliis. below.) Are you on a ranch in 
Montana (dt'iisity, including towns, 4 per 
scjiiare mile), where your nearest neighbor 



Courtesy British Information Service. 


Suburban housing at Great Yarmouth, south- 
eastern England. Cottages prefabricated of steel 
frameworks and concrete slab walls to conserve 
wood wliich has to he imported. This project 
was completed in 1947 as a partial answer to the 
wartime damage of homes in Britain. 
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may be soxeral miles away. (Ulus. p. 14.) 
The clifferem*t*s in inode of living snggestt‘d 
by these (jn(\stion.s alFect the ceononiic ac- 
tivities, the social practices, and the whole 
outlook upon life of the iiidixidnals con- 
ctTiied. The ranehman can hardly be ex- 
pected to understand fully the eeonomie 
problcMus or to ha\ e the .social \ ie\^^)Olnt of 
the man who li\es in the congested city. 
Nor can the urbanite be (*xpeetc‘d to un- 
derstand fully the einironinent, eeonomie 
problems, and .social conditions that con- 
front the ranchman on the plains. Ne\’(*r- 
theles.s, we all are oik* nation, and eitizeiis 
of the same world, and to li^e in peac*** 
we mn.st try to ha\'e some common under- 
standing. 

Advantages and disadvantages of dense 
popnlatiofi, P(‘ople who live close to- 
gether usually form a w’id(‘r circle of ac- 
quaintances than do people who li\e in 
areas of sparseness. Ihider .such condi- 
tiou.s, men who ha\e more than ordinarv 
jnitiati^'e are likely to becoiiK* lead(*r.s of 
groups and parties. 'Hiis de\'elopm(*nt of 
a spirit of group activity or t(*amwork, and 
the development of individuals into l(*ad(*rs, 
«are commonly clas.s(*d among the mo.st im- 
portant results of den.se population. It is 
understandable that much of the political, 
.social, and religious leadership of today 
comes from the city. 

The ready exchange of ideas encourages 
.some types of lit(»rary and scientific de- 
velopment. The exi.stence of a large c*om- 
pact market favors division of labor and 
attracts outstanding speeiali.sts in many 
fields. Nearly everyone, whatever his in- 
terest or ideas, can find like-minded people 
in a large city. Furthermore, dense popu- 
lations are likely to have an aggr(*gate 
wealth that promotes educational, medi- 
cal, and social facilities. Modern utilitie.s — 
electricity, gas, and sometimes even central 
steam plant.s — are facilitated by the close 
spacing of the housing units. Freed from 
some of the physical chores of exi.stenec', 
many of the city dwellers ha\e time for 
cultural development. 

Denseness of population in url)an areas 


entails certain disadvantages, too. Uous- 
* ing space jier family is likely to be small, 
air impure, and .sunlight insulfieient. In 
many neighborhoods tliere is iiKSufficient 
.spaev for adequate outdoor exercise. In 
crowds, di.sease epid(*mies can .sjjiead fast, 
and iiKsufficient exercise and poor light help 
to weaken resistance to disease*. Traffic* 
c‘ongt*stion has become a h*ading problem 
of many citi(*s. Den.se rural population 
(IlliLs. A, ]). 13) does not have these urban 
pn)f)l(*m.s. 

From the .soc*ial view])oint, there* is con- 
sid(*ral)k‘ que*stion as to the de.sirability of 
city (‘n\ ironm(*nt lor rearing children. The 
indixidual adult, uul(*.s.s he is a leadc*r, is 
likely to be .submerged m the crowd and is 
in danger of losing .some of the iiid(*pend- 
(*ne(‘ of thought and action eharacti'ristic of 
the c*oimtrvman. In times of (‘conomic de- 
prc'ssion, city dw<‘l|(‘rs, mo.st of v^hom are 
(*inploy(*(‘s, an* .s(*\i*rely afl(*cted and liaxx* 
no natural products of the land to fall back 
upon for food if unemployed. Recr(*ation 
is largely (*oinmercialized, and .some indi- 
Mcluals are like*ly to spend llieir leisure 
time in pa.ssixe recreation rather than in 
qui(*l \i.sits with family and friends for 
r(*ading, thinking, and fiiendly eonxetsa- 
tion. Such trea.sured and inspiring mo- 
ments are more* charaeteri.stie of the c-ountry 
than of the citv. 

Advantages and disadvantages of sparse 
population. The* availability of abundant 
.sunshine, pure air, and space and freedom 
to (‘xercise are .souk* of the aclxantages of 
sjjarst'ly populated areas from the lK*alth 
X iexvpoint. The farm ( of some types ) com- 
monly provides an abundance o^ food 
at r(*a.sonable co.sts, and more nioiny living 
(juarters, so that children are more likely to 
be* welcome than in a city apartment. Tlie 
feeling of clo.sc*ne.ss to nature is an indefin- 
able sati.sfaction of lixiiig where sunrise, 
.sun.s(*t, woods, and streams can be seen in 
all their beauty. 

Certain phases and typ(*s of farming have 
been condueixe to philo.sophical and reli- 
gious thought. SoiiK* of the greate.st books 
of the Bible were dex eloped l)y the .shep- 
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Ad(i\}tvt\ from topofiraphtc maps of Bcl^tum 
(A ) Tiiiul juipulatioii near Tliiclt, Bolgiuin. 



Adapted from sod surru'y of Box Butte County. 

(B ) Sparse population on Nebraska High Plains. 
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herds of Palestin<‘ as they watched (jiiietly 
over their flocks at night In other Medi- 
terranean lands, like Gre(‘C'C‘, the* ch'ar 
nights provided a fascinating canopy of sk\^ 
tor the shepherds to study, and from this 
area come many of the mvths associated 
with hea\x*nly bodies. T1 k‘ solitude of the 
country rather than th(‘ bustle ol tlie city 
is conducive to this type of thought. 
(IIlus. below.) In countries of winter 
snows the winter is sometimes a ptTiocl of 
comparative leisure*, during which pc'Ople 
can dcNclop their intellectual and social 
proclivities 

One ol the major natural handicaps ol 
sparsely populated areas is the expense. 


group acthities. People who live isolated 
lives can hardly b(* ('xpected to develop the 
art of eloquence: they are likely to be quiet 
and somewhat reticent in conversation, 
though quick to act when occasion de- 
mands. 

Since' sparse and dense populations both 
make their distinctive contributions to tht' 
lile of society, and areas of moderately 
dense* population present still oth(*r condi- 
tions, it IS necessarv' at this j^oint to examine 
more closely the acliial distribution on the 
earth ol populations of various d(*nsities. 

Present disirihutiou of population. 
Europe is the* most dense'ly settled conti- 
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Sheep Iicrdei north of Hardin, Moiit.ina 


often prohibitive, of providing some ol 
the utilities that make lile more pleasant 
or efficient. With houses far apart, it is 
seldom feasibk* to lay sewer systems, gas 
lines, or, in some casi'S, even to provide lor 
electricity or running water. (Ulus. B, p. 
13.) Again, because ol the distances in- 
volved, there are likely to be no doctors or 
hospitals readily accessible, and thus undue 
reliance may be placed on iiostnims and un- 
qualified medical advice. In many rural 
areas the farm employees and tenants, as 
distinguished from the owners, find highly 
inadequate housing. 

Because recreation involving groups is 
limited, emphasis is likely to be placed 
upon the weekly trip to church, occasional 
fairs, and other special opportunities for 


nent. Austialia I lie l(*ast, as the* following 
list shows: 


\pjtinxiiii(ilv Suiulni (fl 
fwi S</U(U(‘ Milv 


W'oild 

I'J 

Kiho|m‘ 

110 

Asia 

{)7 

Noitli .'Xmerica 

‘20 

Afrirn 

11 

South Anionra 

11 

Australia 

‘2. 


While it is interesting to know about such 
broad difference's, they mask the facts of 
actual distribution because each a)ntinent 
has different proportions of densely settled 
and sparsely settled land. Though North 
America as a whoh' has 20 people per 
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square mile, the United Stales has 4S (in 
1949), and within tlie United Stales Rhode 
Island has over 600, whereas Nevada has 
1.2 pel square mile. The map on page 16 
shows actual world distribution of popula- 
tion regardless of international boundaries. 

The densely settled lands. I'he map 
on page 16 shows that three parts of the 
worl(l stand out above all others in density 
of S(‘ttleinent: southeastern Asia, central 
and northwestern liurope, and north('astern 
United States. Southeastern Asia has by 
far llie hugest population: nearly half the 
inhabitants ol the worUl. The people are 
con(‘< ntra.ted esp(‘eiallv’ in the great river 
va1](‘v^ and coastal plains of India and 
(aiina and on the- islands ol Japan and Java. 
The dfMisity figures lor (Tiina as a whole 
(aboal 140 per square mile) and India (215 
per s(|nare mil(‘ ) obseure the lac t that 
densities (‘Av‘eed 1,000 per sqnai(' mile in 
the Ix'st larmland an‘as m those countries, 
japan has 530 ])ei squaie mile and Java, 
with still less wasteland, has 940, 

In ijorthwestcTii and central Europe Eng- 
land leads the pro(‘(*ssion with 750 peoph* 
per square mik' and is followi'd by Belgium 
w'lth 711 and the Netherlands with 661. 
Onlv slightlv less crowded an* Ciennany 
(432), Italy (372), Switzerland (267), and 
Denmark (227). Poland, C Czechoslovakia, 
Austria, and Hungary belong to the 2(K)- 
300 zone, too. 

In the northeastern United States, the 
area between Baltimore and Bo.ston com- 
pares with the dense populations of north- 
western Europe: Rhode Island (614), New 
Jersey (590), and Massachusetts (561) all 
rise above 500 per square mile. Most of 
the industrialized district adjoining and 
between New York and Chicago attains 
similar densities, though the inclusion 
of sparsely settled areas within the state 
boundaries leaves the ratios for the entire 
states somewhat lower ( Coiiiiec*ticut 395, 
New York 286, Pennsylvania 232, Maryland 
202, Ohio 186, and Illinois 149). 

In addition to the “big three” areas of 
dense population, there are many smaller 
areas of equally crowded conditions: islands 


such as Bermuda (1,759 per square mile), 
Barbados (1,266), and Puerto Rico (544); 
areas in the immediate* vicinity of large 
cities; and intensive agricultural oases like 
the Nile valley. It would be a valuable 
exercise to note and explain the spots of 
dense population shown on the map. 

Causes of dense population. What 
powerful magnets have attracted so many 
people to the areas of dense* population, 
when only a short distance away are areas 
almost uninhabited? Although every area 
IS unique as to the exact combination of 
factors operating within it, there must be 
some factors both of env’iroumc*nt and of 
social institutions favorable for the cWc'lop- 
ment of a dense po])ulation. 

Favorable environmental factors may 
consist of good land with climatic and 
water conditions suitable for crops; the 
availability ol useful minerals; and a loca- 
tion favorable for trade or industry. The 
population of southeastern Asia depends 
primarily upon its (*xcellent soil, well situ- 
ated tor su|q)lemental irrigation during dry 
periods and enjoying a year-round warm 
climate (moist at least in summer) favor- 
able lor crop growth. Though valuable 
minerals exist, they havx* been developed 
only to a slight extent, and foreign trade, 
too, is insignificant in proportion to the 
population. 

in western Europe, soil and climate are 
moderately favorable for crop production, 
though winter dormancy is a limiting factor. 
More important in explaining the great 
population density in Europe is, first, the 
existence and mining of coal, iron, and other 
minerals, and the use of the minerals for 
intensive manufacturing; and sec*ond, the 
('xcelleut location of these countries facing 
the North Sea and Atlantic Ocean, with 
natural ports for carrying on trade with one 
anotlK*r and with the rest of the world. 
For little countries such as the Netherlands, 
Belgium, and Switzerland the factor of loca- 
tion at crossroads or outlets of large coun- 
tries with active trade is particularly im- 
portant. The northeasteni United States 
resembles northwestern Europe in depend- 
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ing for its great population more upon tlie 
exploitation of mineral resources and an 
excellent natural loeation Joi vviukl trade 
than upon its Jannland. though it tf)o has 
soni(‘ excellent local 1 arming tracts. 

While enviroTiinental factors may be said 
to S(*t the limits of development in an area, 
social and historical factors are (*\tr(Mnely 
important in leeiding how the g(‘ography 
of population diall d(‘V(‘lop. The te'chnol- 
ogv ci a people is a major factor: th(‘ ability 
to practice- large-scale utilization of ma- 
ehiiit' pow er m manufacturing, for example, 
IS just as important lor Europe and the 
Unitt'd States as the existence of the* po- 
teiitail souice of power in the form of coal. 
|apan, w ith much poorer soil r(\soiire(‘s than 
Cliina, n(*verthel(‘ss developed a den.se pop- 
ulation after Commodore Perr\ opened 
flic door that admittc'd Westf'rn teelmif|n(‘s 
of rnimiifactiirmg am! trade-. 'Fhe sheer time 
factor, tO(', phus its part: people w’ith tech- 
nical backgrounds ha\e bc-en living longeT 
ill Europe than in the United States, espe- 
cially in th(‘ iiitcTiorand wT.st of the United 
States, and tlit* population has been produc- 
ing goods and multiplying for a longer time 
in Europe. 

In an agricultural area, dc'use population 
ov er a long pc-riod of time presuppo.ses an 
adjusted, intensive form ol land use, such as 
that developed in China and Java. Low 
living standards have contributt'd to the 
possibility of existence of .so many p(*ople in 
the Orient; if every Chinese' di-maiided the 
living standards of the average American, 
riithle.ss competition would fa.st decimate 
the economically wc'aker among th(*m. 

Modern technology in tlu' field of health, 
bv' decreasing the death rate, has played a 
large part in population increa.ses, not only 
in modern European and American coun- 
tries but also ill areas administered by these 
countries, such as Java and Puerto Hico. 
The attitude toward size of families is an 
ov^erwhelming factor in population geog- 
raphy. Tlie craving of the Chinese family 
for numerous sons, social and n'ligious pres- 
sures for large families in other area.s, and 
pressure and propaganda by political lead- 
ers (Hitler and Mu.ssoliiii, for example) for 


bigger crops of potential soldiers so that 
they can conquer mon* land to take care of 
their bigger crops of boys and girls, all 
play their part in building up the popula- 
tion. The degree of cflectiveiu'ss of such 
propaganda may In' open to question, but 
that it can be a f actor of some importance is 
g('nerallv' conceded. 

Another factor that has been particularly 
important in maintaining the den.se popula- 
tions ol northvv(‘stern Europe has bet'ii the 
abilit) to obtain outside income, that is, to 
draw upon the re.sourec's or aid of other 
c-oimtries to feed and supply the home 
population. Such ineonu* is the so-callcd 
“inv isible exports" bringing in rev'cnue from 
merchant shipping, ('xpenditures of tourists, 
inc-ome from investments in other countries, 
and gifts and loans from abroad. World 
War II reduced th(' inconu' of northwe.slern 
Europe from all the.sc' sources. Before the 
w^ar, for example, the British merchant fleet 
w^as tw'iec* as large as that of the United 
State's. Now the ratio is reversed and the 
United State's' nuTchaut temnage is twice 
that of Britain. While the United State.s’ 
shipping increased 350 per cent, Japanese 
merchant shipping declined 80 per cent 
owing to the activity eif American sub- 
marines. 

It is perhaps not a men' coincidence that 
the three most densely settled amntries of 
Europe are the heads of rich colonial em- 
pires, a further possible means of chan- 
neling outside production to the home- 
land. The most densely settled independent 
counti)^ in the Orient, too, was in the midst 
of dev'eloping a huge colonial empire when 
World War II began. Following the war, 
Japan lost her empire, the British gave up 
India, the Dutch hold upon Java weak- 
ened, and of the countries mentioned only 
Belgium appears to have retained intact its 
overseas empire, the Congo. Even in the 
Unit(*d States the ability of the northeastern 
area to draw upon the production of the 
West and South through its capital invest- 
ments has dimini.shed, partly as a result of 
the wn’de dispersion of industry throughout 
the country during the war. To the dense 
populations, the reduction of their outside 
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income may be a serious matter in terms of 
living standards. 

The thinly settled lands. Study of 
the map of world population (page 16) 
shows that the most tliinly settled areas, 
those with less than 2.5 people per square 
mile, covc‘r about hall the land of the world. 
Areas witli less than 70 per squan* mile 
would include perhaps 75 per cent ol the 
land. Thes(‘ lands are shunned largely be- 
cause of the physical enviionment: .social 


teaus of the United States, and the dry 
lands of Atacama and Patagonia in South 
America, inhospitable through excessive 
dryness; and (3) the tropical rain-forest 
climates of the Amazon Valley, New 
Guinea, and northern Au.stralia, inhospita- 
ble through the combination of twcessive 
heat and humidity and the resulting char- 
acter oJ the soil. Rugged inountains and 
cold high plateaus, notablv Tibet, should be 
added to the list ol sparsely settled areas. 
Wher(‘ there is not enough heat oi water to 



Courtesy Official Svrn'tary for Australia in U S A ^ New York 

A sheep “station” or ranth in the sparsely .settled grazing area ea.sl of the interior dry lands in (Queensland, 

Australia 


and historical factors have little bearing on 
the situation. If we compare the map of 
world population with the map of world 
climate, it is clear that three kinds of cli- 
mate are associated with most of the blank 
areas: (1) the polar and subarctic climates 
of Siberia, northern Scandinavia, northern 
North America, and Antarctica, inhospi- 
table because of their cold; (2) the desert 
and near-desert climates, including the Sa- 
hara and Kalahari deserts of Africa, the 
Arabian, Turkestan, and Mongolian deserts 
of Asia, the Great Australian Desert (Ulus, 
above), the Great Basin and interior pla- 


raise crops, or where there is an excess of 
both heat and water, only exceptional and 
local combinations ol other factors will re- 
sult in sizable settlements. 

Arctic and subarctic C'oiiditions are re- 
flected in the population density figure.s for 
Iceland (4 persons per square mile), Can- 
ada (3), Alaska (1 person for 10 square 
miles), Greenland (1 person for 50 sqiiaie 
miles), and Antarctica (0). Deserts are 
largely responsible for the densities of 2.5 
peojile per square mile in Australia, 6 in 
Oman, 1.5 in Mongolia, 1.5 in Libya, 5 to 8 
in the Somalilands, 1 in Southwest Africa, 
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0.3 in Rio de Oro, and 1.2 in Nevada. In 
the United States all five of the Western 
intermountain states, plus the iiortheni 
plains and mountain states of Wyoming, 
Montana, and the Dakotas, have less than 
10 people per square mile. The dry west 
is the principal area of sparse population in 
this country. Representative of the tropi- 
cal ar(*as art ihe Giiianas, ranging from 1 to 
4 people per .square mile, French Equa- 
fi;rial Africa with nearly 4, and Dutch New 
Guinea with 2.1. M()st of the Afric^an 
tropical land, including the Belgian C’ongo, 
has about 15 to 25 pc^ople ]ier square mile. 

For most Arctic areas, little can be done 
to incrca.se the number of self supporting 
scttlcTS, excrpt through dex’clojmicnt oJ 
local mineral resources or transportation 
centers. Desert .soils can support large 
nnnib«‘r.s of people per s(|iian‘ inih* only 
wIkt'" water is available from inoK’ humid 
areas, as in the Nih* N'alh'V, small areas 
in Ru.ssi«iii Tiiike.stan, and our Imperial 
\\all(‘V, Reno, and Great Salt Lake areu.s. 
Tlie United Stat(*s is .singularly ble.s.sed in 
ha\ing the well-watered Sierra Nevada and 
Hockv Mountains alongside its desert.s, but 
the utilization of their water lo suppoit oasis 
populations in the deserts is commonly 
contingent upon control of watei by means 
of man-niad(* dams. Ev't'ii if all ayailable 
water w(Te used, vast tracts of dry land 
still would be unirrigated. In tropical 
rain forests then' is theoretically the possi- 
bility of deveIo])ing productive farms with 
den.se agricultural populations. Such de- 
velopment has actually occurrc'd only in 
limited areas iind(*r ('xceptionally favorable 
natural conditions and expert management 
from outside, as in Java, the coastal plains 
of British Guiana and Surinam, and Ni- 
geria. 

Areas of intermediate population den- 
sity. Between the small portions of the 
world with dense populations ranging above 
200 per square mile and the vast realms 
with less than 25 per sejuare mile, transi- 
tion is abrupt in the Orient. From the 
teeming plains of the Ganges in northern 
India or the Yangtze in central Ghina 


one climbs the adjacent mountains and 
finds himself at the edge of virtually unin- 
habited expaiKses. Only in the zone be- 
tween India and China is there a sizable 
oriental area with moderate population 
densities, between 50 and 100 per square 
mile. Here Burma, Siam, and Indochina 
constitute the area when' there is a surplus 
production of the staple oriental grain, ovc'r 
and abov e the* lU'eds of the* loeal producers. 

Around the* European and United States 
population nucle'i, ein the either hand, there 
is a graelual lapermg in elensity away frenn 
the ce'iite^r. I'he Eureipean “inner penum- 
bra,’' countries with peipulations be'tw'cen 
100 and 2(K) per .sepiare mile, includes, 
in a cleickwise elire*ction, Irelanel, Sc*otlanel, 
.soiithwTstern U.S.S.R., Rennania, Bulgaria, 
VugeKsIavia, Gre'e'ce, Spain, and France. 
Mo.st of the*se countries are large'ly agricul- 
tural, laising (‘iieiugh foe>d for tlu'insclves 
and .semie'time's liav ing .suiphi.ses to .se*nd to 
the'ir more* closely populate'd industrial 
iK'ighbors. The “()ute*r p<*numbra,’’ with 
eU'iisities lictween 50 anel 100 per sejuare 
mile, ine;ludcs sue‘b dive*rse arenas as the 
.southern half of Sw'(*de*n, Turkey, northern 
Algeria, and M()rocc*o. Heie agriculture is 
approaching the* phy.sical margin of pro- 
eluctivity .so that most foeid is con.sumt'd at 
heime, except for the wiieat and wine of 
Algeria. 

Arounel the Ne*w York-(Jhic*ago breiken 
nucleus, the* populatiem pe'iiumbra falling 
within the* c‘at(*gorv of 50 tei 1(X) pe*ople per 
seiuare mile*, ineludes the corn belt and the 
aeljoining cottem belt state'.s, and .southe'rn 
Ontario in Canada: areas with large agri- 
cultural surplu.ses tei supply the nucle'ar dis- 
trict. Only as we get into the Texas-Kan- 
.sa.s-Minne'.s()ta belt do deii.sities drop below 
the 50 lev el. 

In South America, Africa, and Au.stralia, 
moderate* population densities are found 
only in small, widely scattere'd areas, mostly 
along the outc'r rims of the continents. Ex- 
amples include the? Santos, Pampas, Valpa- 
rai.so, Callao, and Caracas cente^rs of South 
America; Se)uth Africa, Nigeria, the Gold 
Coa.st, and Liberia in Africa; the* Perth, 
Sydney, and Melbourne areas of Au.stralia; 
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and New Zealand. In the P]ast Indies, the 
Pliilippines, Sinnatra, and Timor densities 
are moderate; but most ot the* other islands, 
except Jav a, are thinly settk'd areas of trop- 
ical rain forest and monntains. 

Is a moderately demse population prefer- 
able to a dense or sparse* population? Is 
life more* pleasant th(?rc, and frictions less? 
Such qn(‘stions cannot be answered flatly. 
There seem to be balanced cultures in areas 


of course two aspects of the same people. 
The availability of abundant man- (and 
woman- ) power favors the development of 
inanufacturing industries in an area. As 
each new industry is established or each 
old one enlarged, purchasing power of the 
area bc'comes still greater and th(‘re is a still 
larger market for manufactures, agricultural 
products, and services. The higher the 
productivity and wages of labor — as a re- 
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Stnyvf.saiit 'lown and IVtcr Cooper Village, recent apartment house projects rc'placing hlighitd area in 

New York City 


of almost every shade of population density, 
and spots of misery in areas of as many 
shades, too. 

Economic- geo graphic effects of popu- 
lation densities. The personal effects of 
dense population have already been sug- 
gested. From the impersonal economic 
viewpoint, tlu; existence of a dense popula- 
tion is important as furnishing an abundant 
supply of labor and a large consuming 
power. Production and consumption are 


suit of adequate resources, skill, technology, 
management, and capital — the larger the 
market will be. This compounding process 
helps explain the population increases of 
new industrial areas. 

One of the great handicaps in develop- 
ing industries or commercial agriculture in 
sparsely settled areas is the lack of adequate 
manpower with which to start the industry 
and the lack of a sizable local market to con- 
sume the products. As a result, valuable 
products that can stand the expense of ship- 
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meiit to distant markets are sometimes the not be easy to find. Perhap.s th(' three 

first commercial products to come from herdsmen (with help) can drill a deep well, 

such areas: as iurs before lumber. install a modern pump, and irrigate enough 

Th(‘ works of man are profoundly af- land to support 100 pc'ople per square mile, 
fected hv pojndation densities. In a Nutritionists liave estimated that the 
crowded clt^ , th(‘ cliiel problem is how to product of about two and one-half aerc‘s is 

s(jne('ze hoiiK‘s, factories, stoie.s. strc'ds, needed to provide an adequate standard of 

traific, and transportation terminals into a living for a human being. Theie are many 

limited space (Ulus, p 20). But, in rural \ariabh‘s and unknowns in this rough for- 

annis die piobhan is how to provide the inula, hut it gi\es us some sort of yardstick 

minimiim essiaitials of utilities, roads, and for estimating ad('(|uaey of land. There are 

s(‘i\ic(‘s in Mi w of the CApenses resulting in the world not more than four billion 

from wid(‘ spacu’g of liom(\s and the low acres of arable land for the slightly more 
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r(‘\eniies of local political units because of than two billion people: not quite two acres 
limited ta\ revenues (Ulus, above and B, p. per capita. This would suggest that the 
13). world as a whole is o\^t‘rpoj)ulated. It is 

certainly true that a large percentage of the 
OverpopnlatiotJ. How many people billions do not have an “adequate” standard 

per square mile must an area hav(' to be of living. Difieiences betvvc'en countries in 

overpopulated!^ To this question there can the per capita amounts of arable land are 

b(' no one answer; when p('ople applying of course profound. If we compare three 

their best skills to the resources of an area gri*at countries having about 450 million 

aix‘ unable to attain an adequate standard acres of arable land apiece, we find that the 

of living, that area might reasonably be United States has more than thiee acres of 

called overpopulated. If a semiarid land arable land per capita, the Soviet Union 

can support only two herdsmen per square close to two and one-half, and India and 

mile, three persons per square* mile would Pakistan a little more than one. Even 

be too many. But if an industrial di.strict without other factors, these diflerences help 

with 2,()(M) people per square mile pays to explain the semistarvation tliat prevails in 

good wage's but still cannot get enough India, the adequacy of food supply in Ru.s- 

workers, that district is underpopulated, sia and America, and the existence of an 

WIu'ii it comes to applying this formula to exportable surplus in the United States. In 

a specific arc’a, however, the airswer mav China, with not quite one and one-half 
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acres ol aral)le laiaJ per capita, it is t\sti- 
niated that 100 million people ha\'e died of 
starvation in the last one hundred years. 
Some authoritic*s belie\’e that the popu- 
lation of (Jhina reached its pn'sent level 
about one hundred yt*ars ago. In industrial 
northwestern Europe, there is .still less 
arabl(» land. Tlu* United Kingdom, Bel- 
gium, and the Netherlands have just over 
one-fourth acr(‘ of arabl(‘ land per ca])ita, 
(Germany two-thirds acre, and Italy and 
Greece three-fourths acre. Y('t, wide- 
spread starvation is not the rule in north- 
weshM'ii Euro])e because it has been able to 
draw surplus food from all the continents of 
th(' earth bv one means or anoth(T to fe(‘d 
the people who did not ('inigratt*. In par- 
ticular, power machine* t(‘clmologv has en- 
abled Europe to sell manufactures in ex- 
change for iK*eded food and law mat(‘rials. 

Remedies for overpopuldtiofi. Whfit 
can be done to solve the problem of misery 
and .starvation resulting from inability of a 
given p(‘ople to obtain .sufficient income? 
It seems cl<‘ar that (*ithe*r ri‘source utili- 
zation must be improvc'd to .support the 
people who already (‘xist, oi the ])opulation 
must be decrea.s(’d. Hie problem is com- 
plex, but certain ])artial solutions haw been 
u.sed and are being usc’d constantly. 

More adequate resource utilization. As 
the centuri(\s hav(^ rolled by, man has 
learn(‘d more and more about how to obtain 
larger production from his resources. The 
raising of liw.stock and the practice of agri- 
culture resulted in gnxiter and more de'- 
pt'Tidable output of food per acre. Im- 
provement of farm inachiiH'rv; use of fer- 
tilizers and discovery of ways of obtaining 
or manufacturing fertilizers; u.se of green 
manures and compo.st; improv'em(*nt of crop 
rotations and putting the right crops on the 
right land; development of breeds of plants 
and animals that produce more per acre; 
development of better cxintrol of insects: 
such methods have increased production in 
the past and have possibilities for further 
development and, especially, for further 
extension. It has been estimated that the 
application of proper conservation methods 


alone would increase crop production in the 
United States 20 per cent; the development 
and n.st* of hybrid corn has increased yields 
in our corn belt perhaps 20 per cent be- 
tween 1936, when it was just getting estab- 
li.shed, and 1948, when nearly 100 per cent 
of corn planted in the com belt was hybrid. 
Such increase in yields has made it possible 
lor America to send additional food to the 
deficiency areas of Europe. 

\^ist increases in the woild’s food still can 
be made* if the crowded fanners of Eu- 
rope and Asia will systematically use the 
be.st mod('rn techniques and plant v^arieties 
adapted to their c*onditions. The Food and 
Agriculture Organization of the United Na- 
tions has b(*6Mi carrving on vvath considerable 
.succe.ss an educational and aid program to 
spread throughout tlu* woild high-yield 
crops and animals, methods of disease con- 
trol, .sound crop rotation, and erosion con- 
trol. 

h’or an individual country, the develop- 
ment of industries through which man- 
power can be applied to raw materials, and 
thereby turned into manufactures, provides 
one mtnins of getting an income from which 
purchases of food can be made abroad. 
Every increase in our knowledge of more 
effici(*nt ways of utilizing power resources 
and other re.soiirces makes the world more 
able to suppoit mankind. This truth was 
the basis of Europe’s ability to draw food 
and raw materials from the rest of the world 
to support its deii.se- population, and for the 
abilitv of the northi'astern United States to 
obtain sufficient food from the rest of the 
countrvx It is also the basis for the dense 
population of Japan. Such an application 
of industrial knowledge, however, requires 
the use of capital, or social savings, and is 
therefore difficult of application in coun- 
tries .such as China or Greece where the 
people live too close to the margin of sub- 
sistence to have accumulated savings. The 
reason for capital loans from the United 
States to Europe are obvious even informal 
times. The tremendous destruction of ac- 
cumulated capital equipment from bomb- 
ings during World War II is of course a 
powerful added reason for great capital 
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needs in Europe since the war. It is esti- 
mated that the patiently accumulated capi- 
tal of one hundred yeai s was wiped out by 
the Fascist and Nazi invasion and occupa- 
tion of Greec(\ and in Yugoslavia the de- 
struction was about equallv great. 

Industrialization results temporarily in 
a burst of growth in the population of a 
c*ountiT. Till FiUropean c‘ountries ha\e 
passed tliat stage. Would industrialization 
of China and India mean still luithiu* large 
increases in their population? 

Solutions involving the people them- 
selves, 1. EMiCRi^TioN. WhiMi people 
feel too crowded to obtain an adi^quah' in- 
conie> niiiiu of them in the past haM' siiujilv 
left thi‘ir homelands and struck out for the 
frontiers ‘f the earth — ari‘as \\hcre there 
was plentv of farmland per capita or pli‘nt\ 
of demand for industrial labor. Tlic New 
^^^orld was populated in this wa\ from all 
parts of Europe The amount of immigra- 
tion from indi\’i(hial countries has fluctn- 
at(*d in accordance with changing pn\s- 
sures: at the time of oin last census the 
United States had 341/2 million white people 
who had b(‘cn horn abroad or who had one 
or both parents born abroad. The most 
numerous groups according to origin were 
from Germanv (5.2 million), Italy (4.6), 
United Kingdom (3.2), Poland (2.9), Can- 
ada (2.9), Ru.ssia (2.6), Eire (2.4), Swi'dim 
(1.3), and so on. OthiT frontier lands 
have been similarly settled from d(Mi.S(4y 
populated lands: Spaniards and Italians in 
Argentina, C.hinese in Manchuria, Kus.sians 
in Siberia, British and French in (Canada, 
and British in Australia. Such emigration 
may temporarily relieve population pres- 
sures at home, but this method of relief is 
becoming less and less av^ailable; as the re- 
ceiving countries ha\'e grown in population, 
they have shut or closed to a small crack the 
door to prospective immigrants. 

Some shifts of population an* still to be 
expected, but mo.st areas of scant population, 
with the possible exception of thi* tropics, 
are not adaptable to supporting many im- 
migrants. The influx of Jews into Palestine 
and its new state of Israel has shown that 


theic arc parts of the semiarid lands of the 
world in which the application of modern 
production techniques, with the aid of 
abundant capital and skilled population, 
can enormously increase the capacity of thi* 
land to support people. California, very 
much like Palestine in environment, experi- 
enced a similar upsurge of production with 
the aid of pi'ople and capital from the more 
developed parts of the United Stat(‘s. 

Just before and during World War II 
great shifts of jMipulation occurred in Rus- 
sia, chiefly from the southern grain b(*lt to 
ni'w industrial ci'iiters across the Ibals. 
stimu]at(‘d bv the relea.se of farm popula- 
tion through the introduction of large-.scale 
machinery and, during thi* war, l)v tlii' Nazi 
invasion of the grainland. Within the 
United Slat(‘s .shaip movements of popula- 
tion havi‘ beiMi under wav ever .sinci* thi* 
Atlantic coastal area was .scttl(*d from Eu- 
rope In seviMi vears alter the census of 
1940, including the piaiod of World Wai 
li and the imm(*diate postwar \ears, the 
thr(‘e Pacific* stativs showed hugi* gains of 
population, ()r(‘gon inci(‘asing 50 per cent 
and (California and Wa.shington only .slightly 
less. Till* states with thi' biggi'.sl percent- 
age decline in pojmlation during this period 
vv^(*ie not the densi'lv .s(‘ttled ea.sterii .state.s, 
all of vvhieh .showed .sub.stantial increast*s, 
more than 15 per cent in (Conneeticut. The 
big declines came in tin* northern Plains 
.stales: Noith Dakota, South Dakota, and 
Montana all droj^ped 10 to 15 per cent. 

2. RKourKi) iJviNG .STANDARDS. Aiiotlicr 
.so-called solution of overpopulation, which 
is really not a solution, is to submit to a 
gradual decline of liv'ing standards. That 
is actually what has happeiu*d in the Orient, 
to tlu* point where further appreciable de- 
cline has become impossible. Starvation, 
epidemics, and misery are the ultimate re- 
sults of this “solution.” 

3. Lf)w^ER BiR'ni RAi’E. A decrease in the 
number of people from causes other than 
emigration is an important possibility. The 
Malthusian theory that disease, .starvation, 
and wartime slaughter normally may be 
expc'cted to keep population numbers in 
check is not consistent either with man- 
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kinds humanitarian ideals or with our mod- 
ern knowledge' of disease prevention, high 
per-eapila production tcchniepies, and 
means ol communications which, rightly 
used, could enable all people's to under- 
stand one* anotlu'rs problems. Once we 
recognize the* impossibility oI supporting 
dect'iitlv an unlimited number ol people, the 
epiestion aiises whether it is really dic' pa- 
triotic thing to encourage high liirth rates 
that must result in still further crowding of 
an o\ erta\ed world. 

Northwest('rii Europe', alone among th(‘ 
great jxijnilatcd areas of the' (‘arth, has 
re'ached the stage when' births and deaths 
are apjiroximately in balance'. In Germany 
and Italy be'forc the war llitlt'r and Mussei- 
lini made frantic c'fleuts te) bribe* and eui- 
cenirage the pe'ople to ha\e iiK)ie children 
so that tlu'ir countrie's woiilel be able to 
wage succe'sstui war. The* Unite'el States 
be'feire the' war w'as ra]:)idly approaching the* 
balanced birth-death ratie) e)f ne)rtli western 
Enreipe, but the ratio ol births rei.se .sharpl)' 
during the' war. The' high birth rate eif 
thinly settled Russia (\\'ith alieiut 23 peeiple 
per .square mile' in 1919 ) was a striking phe*- 
neimenon be'tore' ^Volld War II. IIe)we*ve'r, 
the huge leisscs eif manpeiwer during the 
war, equal te) the combiiu'd losse s of all 
e)the'r combatant natieins e*xcept China, ga\ e 
the Russian rate* e)f increase a sharp setback, 
altheiiigh e\'cn before the war the* birth rate 
had begun to decline’ .seiinewhat. In the 
Orient, where the' jieipulation pressure is 
ine)St .scN'cre e)f all, reduction e)f rate e)f 
births we)uld be a merciful deNcleipmc'nt. 
Convincing the' pe'ople e)f the desirability 
of limiting the number ot births enceiunters 
the difficult obstacles of traditiein and prej- 
udice on the part both of the gi>'ers anel the 
recei\'crs of the eehicatie)n. 

Significantly, there is a running argument 
be'tween the bie)logist.s, who say wc must 
reduce? the birth rate or .submit to brutal re- 
duction by pcstilene?e, disease, and war, and 


the’ technicians in the' field of agriculture 
and resource utilization, who stress the vast 
increases in production possible as modern 
re.search progresses and as its findings be- 
come more and more univer.sallv applied. 
To the geographer conceriu'd with a bal- 
ance'd ec*onomic deN’elojmie^nt of the earth’s 
surface, it appears that resources and popu- 
lation must be consideri'd simultane'ousb'. 
A .sound g('ogra])liic goal would be a popu- 
lation in every area balanced at a level 
vvdiere it could be* ack'cjuately suj)portt'd on 
the basis of re.sonrces available locallv' and 
through trade. Th(‘ attainment of such a 
goal IS a challenge to the best knowledge' 
and patience of mankind. 
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THE EARTH AS 

THE HABITAT OF MAN 


In nils PHI.risDINC. niAPTER M'K WI HE 
irjtroH»aC'i‘(l to tlic dishihiitioii (il jiopiilatioi] 
on tlic* (Virtli and sonic ol the causes and 
eflects of nne\en dislriliution. Our con- 
(•(Tii was primal il\' \M’tli peo])le and with 
tlie prol)l('ins ol file and ot land use that 
ha\(‘ result(‘d liom luiiig crowded together 
or w id(‘lv sc attcTcd. 

In this (‘liapter wc sliall dc'al with some of 
tli(‘ major asperts of th(^ planet earth on 
which we find ourselves, llie form of the 
earth, lop tlaT w'ith its motions and the 
great di\isions of air, watiT, and land, are 
Inndaincntal not onlv to our existence but 
to our ways ot making a living. Tlic earth, 
in its broad seust*, includes the air wv 
l)reath(\ the w’at(T w^e drink, and the rocks 
and minerals which gi\'e ri.se to our .soils, 
our plains, and our mountains. It includes 
the resources w^e use lor building homes 
and factories, manufacturing pots and 
pans, H'lrigerators, furniture, automobile.s, 
airplanes, and th(' great ocean liners. The 
earth is a va.st organism upon wdiich man 
lix'es and do('s his wwk. In tlie pr(\sent 
and succec'ding chapters we .sliall try to 
b(‘com(‘ better ac‘(]uainted with it as the 
home* of man. 

The nature of the earth and its relation- 
ship to the sun are of utmost importance if 
w^e wi.sh to understand the material ba.sis 
for human life upon the globe. The sun is 


the principal source of energy for life on the 
earth. I'he continual changtvs between day 
and night, snmiiKT and winter, the great 
differences in climate in various parts of the 
wwld, the (‘xi.stence ol the mineral fuels, the 
character of .soil and organic life, all th(*.se 
and many ()th(*r factors that directly affi'ct 
mankind are the results of the place and the 
mo\ements of the earth in the .solar .sy.stcm. 

IJmiled ()bser\ation led early man to be- 
lie\(* that he inhabited a flat earth, ('ither 
round or oblong. Long liefore the Chri.s- 
tian Era, howexer, keen observers decidc'd 
that th(' earth w^as a sphme. Pythagoras, a 
Gre(*k philosoj)h(*r who liv('d about 500 n.c., 
seems to haxe been the first cxpoiKMit of 
this c*oiiC‘eption, on purely philosophical 
grounds. Aristotle, who lixcd about 350 
n.c., first drew attention to various phe- 
nomena which indicate a spherical form for 
th(* earth. Columbus did not originate* the 
theory of a .spherical earth: In's great contri- 
bution was his willingness and ability to 
apply the theory to daring action. 

Today we know that the earth is almost 
.spherical, with a diameter of nearly 8,000 
miles and a circiiinference of a little le.ss 
than 25,000 miles (Ulus. p. 26). As the 
earth bulges slightly toward the equator, 
wv usually refcT to it as a .spheroid. As a 
celestial body, the earth is but a speck of 
dust in the endless universe. To man who 
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travels about on the speck, howexer, it 
sceins hiiire. The xoliinu^ ol the earth is 
about 260 billion cubic inil(\s; its surface 
area is about 197,0()(),()00 square miles. 
Wc c*oukI .spend a lifetime wanck’ring about 
and .see but a fraction ol wliat the world 
has to offer. 

Earth spheres. C)nr plaiK't, tl le earth, in- 
cludes an en\ elope of air and great expanses 
of water as well as .solid land. W(‘ can think 
of the earth as con.si.sting ol thrive rouglilv 
concentric spher(‘s: tlu' lithosphere (rock 



l*()U*s, iiK'rulmn.s, par.illds, iiiicl ccjuator JVr.sp(’c- 
ti\c \\v\\ ol fiirtli itIoIk* 

sphen*), the hydrosphere (water sphere), 
and the atmosphere (gas sphere). Plant 
and animal life occur in all three of these 
.spheres. There is no life in the deep in- 
terior of the earth nor in the higher part of 
the atino.sphere, and but little, if any, in the 
ocean deeps. Biological activity, including 
human activity, flourishes mo.st near the 
zone of contact between the atmosphere 
and the other two spheres. This zone of 
life, where plants and animals find optimum 
conditions for food and the other cs.sentials 
of existence, is the principal concern of 
economic geography. 

The atmosphere. The atmosphere en- 


velops th(* lithosphere and the hydrosphere, 
but it is ju.st as integral a part of the planet 
as is rock or water. Except for the differ- 
ential mox^einents of winds, the atmosphere 
rotates along with the lithosphere. The at- 
mosphere is a sul)stance of economic im- 
jKirtancc. It is the .%ubstanc‘e that supports 
airj)lanes in flight. Air in motion, or wind, 
may be utilized as a .source of power in pro- 
pelling .ships or in turning windmills. Air 
in excessi\'(’ motion, as in hurricanes or 
toniadocxs, mav be one of the most destruc- 
ti\e force's of Nature. 

Though the atino.sphere extends more 
than 200 miles above sea level, its density 
d('C‘r('a.s('s rapidly upward. The baiometer 
j^rox'cs that one-half of the air, by weight, 
lies Ix'tween sea leved and 3.2 miles above. 
The lower part of the atino.sphcr(\ where 
most of the weather phenomena take' place, 
IS known as the troposphere (sphere of 
chang(‘ ) . Th(' n'latively quiet air of higher 
(‘lexations is called the stratosphere (lay- 
er'd sph(U'e). The mass, or weight, of 
the atmosphen* is estimated to Ix' about 
1/1,200,000 of the mass of the .solid earth 
and l/'270 of that of the hydro.sphere. 
Man lixes and n )ves near the bottom of 
this atmospheric ocean, the presence' ol 
which is so unobtrusive that he forgets its 
e\i.st(mce except when he f(‘i*ls the wind. 
Nevertheless, it is an essential ingredient of 
life for all warm-blooded animals, including 
man. The geographic a.spects of the at- 
mosplicre in their relationships to climatol- 
ogy and to human activities are discussed in 
Chapters Five to Sixteen. 

The hydrosphere. ITie hydrosphere, or 
water sphere, exists for the most part in the 
depressions of the rock sphere, but because 
of its penetrative qualities some water is 
found ill the pore .spaces of rock, and much 
exists in the troposphere in the form of 
water x apor. The great bulk of the water 
on tlie earth forms the oceans, which cover 
about 72 per ct'iit of the surface. The aver- 
age depth of the oct'an is more than two 
miles. The greatest known depth, 35,400 
leet, occurs east of the Philippine Islands in 
the Pacific. In the Atlantic Ocean the 
maximum depth so far discovered is in the 
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Milwaukee Deep north of Puerto Rico, 
where a sounding ol 30,246 feet has been 
made. 

I'he waters in the air and in the ground 
are \ital to plant and animal life. Soil 
moisture iu)t only furnishes the solutions of 
minerals necessary for plant food, but it also 
furnishes the- liquids lor circulation among 
and throngh plant tissues. 

The earth's water goes through an inter- 
esting evcle lb' e\’aporation from the 


The most favorable conditions for marine 
life are found in the shallow waters border- 
ing the continents. (See Physical Map of 
the World, frontis. ) Here the contact 
zone of water and ocean floor is within 
reach of the heat and light transmitted by 
the atmosphere, and the plankton and fish 
populations attain maximum abundance. 
Prominent examples of such favorable c*on- 
ditions are the Grand Banks off the coast ot 
Newfoundland and the shallow waters of 



oc(*ans and other water bodies, aiid by tran- 
spiration from plants and animals, water 
enters the air as water \’apor, a gas; winds 
transport part of this water vapor over the 
land; from the air, moisture is precipitated 
upon both sea and land; on the latter it 
forms lakes, streams, soil water, and ground 
water; from the land it flows back to the 
oceans, or returns directly to the air through 
evaporation and transpiration. This inter- 
relation of hydrosphere, atmosphere, and 
lithosphere is vital to the c*ontinued exist- 
ence of plant and animal life. 


the North Sea, each the center of a great 
fishing industry. 

Geographic aspects of the hydrosphere 
arc discussed in some further detail in Chap- 
ter Seventeen, and in the climatic chapters 
preceding it. 

The LiraosPHERE. The lithosphere, or 
rock sphere, is the solid part of the earth. 
Its surface is characterized by broad corni- 
gations; the extensive higher portions are 
known as continental platforms and the ex- 
tensive lower lying portions as ocean basiiis. 
Every continent has marginal areas that are 
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c()\'m*cl by relati\’plv shallow ocean wa- 
ter; tli(‘se shallow water ar('as ar(* known 
as epicontinental seas. The epicontinental 
seas thus are distinct from tin* oct'an basins, 
and th<Mr floors or roniinental shelves really 
arc parts ol the c-ontinents (Ilhis. p. 27). 

What is the land? People ot different lo- 
cations and pursuits would answ(T this ejues- 
tion in many different ways, though tluTc 
might be some agreement on the bookish 
definition. To the apartmc'iil dweller of 
Nc'W ^'ork City, land is a material so scarce 
that buildings have to grow vertically in- 
st(‘ad of horizontallv. To the Eskimo, land 
is a S(*asonallv exposed material useful as 
a summer source ol h(‘rri(\s and caribou 
meat to suj'ijilement the diet of fish and 
blubber. The farmtT ol Norway thinks of 
the land as hilly, stony, and hard to conquer, 
whereas the farmer of Iowa thinks of it in 
terms of abundant corn and hogs. 

Pearl Buck's no\'el. The Good Eaiih. por- 
trays an attitude toward tht* land that is al- 
most poetic in its mt<'nsity. In this mnel 
the soil and the* elements are pictured as 
the fickle masters over the life* and death of 
teeming millions ol passi\e, helpless (Chi- 
nese. Vivid pictures of Wang Lung and 
O Lan mini.stering to the earth will come to 
mind. Everv growing plant r(‘cei\es the 
tending can* of their anxious hands. If the 
land produces generously, a few ouiic*c's of 
meat may be j^rocured for a holiday; it it 
yields niggardly, a young daughter must 
perhaps l)e .sold into slavery and infamy. 
Wang Lung loves to walk in newly turned 
soil, to feel the c'arth with his bare feet. He 
lovTS to rest and evc*n to .sleep in a .sun- 
warmed furrow so that he am feel and smell 
the earth. He hopes to be buried in the 
f)etter earth. 

Economists often use the term “land" to 
include all natural resources, as distin- 
guished from labor and capital, the other 
two factors of production. For our pur- 
poses, land may be defined according to the 
narrower and more widely used conc(*pt, as 
tJie portion of the surface of the hthosphere 
not covered by uxttcr. Under this defini- 
tion small bodies of water that do not domi- 
nate the general landscape are considered 


part of the land. Large rivers and lakes, 
and .shallow waters around the sea.shore, are 
not included. Land cxi.sts because the un- 
evTii surface of the litho.sphere causes some 
parts to pioject above the oct^ans. The 
total area ot the oc eans is about 143,000,000 
square miles, whereas the total area of the 
land is only about 54,000,000 square miles. 

The foimdatton materials of the laud. 
The land and the ocean basins are under- 
lain by rock. The character of the rock 
oltcm affc'cts the land forms and .soils, and 
thus rocks have a general importance* cjuite 
a.side from th(*ir direct economic importance 
in mining. The characteri. sties of rocks, in 
turn, depc'nd to a considerable extent upon 
the type's and arrangements of the' imuerals 
ol which the rocks are composc'd. To im- 
der.stand more fully the n'lation of locks to 
their economic uses, a bru l inti eduction to 
the ino.st common miiu rals will be found 
helpful. 

Minerals. A mineral may b(' (l(*fiiied as 
a natural inorganic earilt sulfstance with 
a definite, essential chemical composihon. 
Minerals mav contain also various noiK'.ssen- 
tial con.stitiu'iits. tor example, (|uart/, the* 
most common .single minc'ral of tlic* land, is 
(»s.scntiallv a chemical compound ol silicon 
and oxygen. In its puie state* il is colorh'ss, 
but most quartz has some color due* to the 
pr('.sc’nc*e of impurities, such as non oxidt*, 
manganese compounds, carbon, rare earths, 
and other foreign matter. 

Although there are more than one thou- 
sand different minerals, the bulk of tlu* com- 
mon rocks of the land are composed chiefly 
of a very few minerals. Among these com- 
mon rock-forrning minerals arc* quartz, feld- 
spar, mica, hornblende, and calcite. Miner- 
als such as sulphur, common .salt (halite), 
nitrates, pota.sh, and pho.sphates are of di- 
rect economic value but are unimportant in 
rock forming. Their uses and economic 
importance are discussed in Chapter Eight- 
een, and we shall limit ourselves here to a 
brief treatment of tlu* importance of a few 
minerals especially significant in relation- 
.ship to soils. 
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Quartz, a hard, light, relatively insoluble 
mineral, greatly improves triahilitv in the 
soil. It makes the texfnre relati\elv open, 
and therefore faeilitates the ready move- 
ment ol ground water and air. The physi- 
cal conditioij of the soil is thus made miieh 
more fav'orahle for penetration of plant 
roots and lor cultixatioii. 

Feldspars are of gr(*at importance in the 
formation ol soils, being one of the principal 
sources for clays and for the mincTal salts 
which are esscaitial as plant foods, as the 
])rincipal products ol their decomposition 
ar(‘ elav, sand, and soluble salts. 

llornhlcndc, the most common hard 
black mineral, has no dir(Tt economic use, 
but it has great geographic significance as 
it is present in nianv rocks and decomposes 
into sand, elav, and soluble salts. 

Calcic is important for soils bc'cause it is 
the chief constituent ol chalks and lime- 
stones. Viw presc’iice oi limt' in a soil may 
greatly contribute to its lertility and suit- 
ability lor tillage piirpos(^s 

Rock. In its br()ad(\st sense, rock reltTS 
to any ol the solid p«irt ol the earth. It 
does not imply any particular degree of co- 
herence or baldness. E\en sand, dust, silt, 
and coal are rock in this broad sense. 

On the oth(T hand, the term stone im- 
plies colKTciice and is used as a term for 
some kinds of rocks, such as limestone and 
sandstone, llius, ordinary sand, a phase of 
rock, is called sandstone if tJie sand grains 
are found cemented tog(*ther so as to form 
coherent rock. 

In a restricted s('ns(\ rock is a natural 
earth sid)stanee with a specific, characteris- 
tic mineral composition. All rock is com- 
posed of minerals. The simplest types of 
rock are made up of one predominant min- 
eral, while the most complex rocks contain a 
large number of minerals. A compl(*x rock, 
such as granite, cxiiitains certain characteris- 
tic minerals, but the proportions of the dif- 
ferent minerals vary widely and eaiiiiot be 
represented by exact, unifonn ratios or for- 
mulae such as an* used in indicating the 
chemical composition of minerals. 


Bedrock. Tlie solid zone of the litho- 
sphere is commonly refen ed to as bedrock. 
Ill most place's the lu’drock is covered by a 
mass ol loose* material varying from a few 
inches to many feet in thickness. As this 
debris overlit's the* bedrock, it is known as 
mantle rock. If formed through weather- 
ing from the bedrock underneath, it is 
called residual mantle nick; among the vari- 
ous types e)f depositc'd mantle rock, allu- 
vium is perhaps the most important. 
Mantle rock is not it.self soil, but it is the 
pare*nt material euit of which seiil may be 
dewelopeel through the* action of various 
we*athe'ring processes and by changes 
brought about by organisms. The mantle 
rock, although ofte*n (*rroneousIy referred to 
as soil, is merely the* raw material for true 
soil. 

There are com])arati\'ely few common 
types of bedreick, anel their principal char- 
acte'ristics can be summarized easily. As 
be*droek is the limdamental material e)f 
which the land is maele*, anel as it has certain 
dire*ct eceinennie uses, it deserves at least 
brief consideratiem. 

Part e)l the e'lfe'ct eif bedreick upem the 
configuratk)!! ol the land results from differ- 
ences in susceptibility to weathering and 
ereision, Whe'ii inclineel strata e)f seift and 
hard rock are* expose'd in adjacent positiein, 
the seift roek commonly wears away the 
more rapielly, forming valleys and le)wlands, 
while the hard rock re*mains standing out as 
ridges. (Ulus. p. 30.) 

In e*xca\’ating lor construc'tion purposes, 
similarly, work can proceed more e*asily in 
seilt than in hard rock. The depth of bed- 
rock beleiw the* surface of the mantle rock 
also greatly affects construction. Where 
bedrock is c'lose tei the surface e)f the 
ground, it impedes the excavation of cellars, 
canals, and similar we)rks. At the same 
time, the bedrock pro\idcs a substantial 
foundatieni for heavy buildings, bridge 
piers, and dams; walls of cellars, ditches, 
and subways need little artificial reinforce- 
ment once they have been carved into the 
rock. The hard bedrock of Manhattan Is- 
land provides a firm foundation for the 
world-famous skyscrapers of New York and 
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gives permanence and security to its effi- 
cient subways, though the cost of construc- 
tion was high. 

Where the bedrock lies deep below the 
surface, costs of excavation in the mantle 
rock are low, but costly foundations, floors, 
and retaining walls may have to be con- 
structed. Ditches, drainage canals, and 
basements for ordinary residences and busi- 
ness blocks can be constructed at compara- 
tively low cost. 

The industrial uses of rock are dealt with 


so fast that the minerals did not have tim<^ 
to crystallize, and the result is a glassy rock, 
such as obsidian. 

When existing rocks have been broken 
down into small particles by weathering 
processe.s, these particles may be trans- 
ported by an agency such as running water 
and deposited iii layers. Such redeposited 
rock is called sccliincntarij rock. (Hays and 
shales, sands and sandstones, grax els, and 
limestones are examples, though the latter 
are generally of organic origin. 



hif'M. M.' 

Differential erosion of weak and .strong .strata in tilted po.sit]on in mountain footliills of tiu* front range 
of the Rockies, we.st of Lo\ eland, Colorado 


111 Chapters Eighteen and Nineteen. Some 
of the principal types of rock are as follows: 

Classes of bedrock. Bedrock is cus- 
tomarily classified, according to its origin, 
into three main groups: igneous, seditnen- 
tary, and mefatnorphic rock. Igneous or 
primary rocks arc formed by the cooling 
and solidifying of hot molten material 
(magma) from within the earth. In most 
igneous rocks, such as granite and ba- 
salt, the different minerals, in whole or in 
part, have separated into individual crystals 
which interlock with one another in the 
rock. In some instances the magma cooled 


Another type of rock is formc'd when 
(‘xisting igneous or sedimentary rocks are 
subjected to inten.se heat or pressure and 
arc thereby changed in charactcT, or meta- 
morphosed. These are the meiamorphic 
rocks. Thus quartzite is m(‘tamorphosed 
sandstone, gneiss may be metamorphosed 
granite, marble is metamorphosed lime- 
stone, and slate is metamorphosed shale. 

Major land forms and internal forces. 
The configuration of the earth’s surface is 
the result of two sets of forces: ( 1 ) internal 
forces within the earth that have raised 
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some parts of the earth's crust and de- of lava, such as andesite, tend to pile up 
pressed others, or that have folded or and form steep, lofty volcanic mountains, 
broken (faulted) the crust, and (2) ex- like Mount Hood and Mount Vesuvius, 
ternal forces that tend to wt'ar down the composed of alternate layers of solidified 
higher portions of the land and build up lava and fragments from explosions (Ulus, 
the lower portions. The great continental below). More Ikjuid types of lava, such as 
masses and ocean basins are results of the basalt, often spread horizontally, and form 


Photo htf Moil/ I i<^ht in I 

Kil)(), fret in (‘lex alioii, llie suininil nl Mt 

though less than 4" from the r(jnalor, thr crater ot 
sriuls glaciers clown the sides as low as 12,500 led 
.ses, and hedow that lh(‘ forest. 

internal forces. The internal forces also 
are largely responsible for the development 
of the major surface features of the land: 
the plains, plateaus, and mountains. 

The internal forces are commonly 
grouped under the headings of vulcaniwi 
and diastrophism. Vulcanism, named after 
the Roman underground god of fire, in- 
volv(‘s the movement of molten magma and 
its outpouring in the form of lava on the 
earth's surface, sometimes accompanied by 
explosive releases of gases. Viscous types 


U Pt{^hi Juxm on Afrua, Anioman (Uo^rapliK al So(tvtt/ 

Kilimanjaro and the highest peak in Africa. Al- 
this xoleanie mountain is filled witli an lee cap that 
. Ahox e about 11, ()()() feet is a /one of Alpine gras- 

plains or, if there are a great many succes- 
sive flows, may build up plateaus like the 
plateau of Iceland or the Columbia Plateau 
of our own northwest. 

The term diastrophism, from a Greek 
word meaning distortion or deformation, 
designates th(* internal forces that move 
existing bedrock. These forces may pro- 
duce a vast, gentle uplift or depression of 
the earth's crust, producing plains if uplift 
is moderate, plateaus if it is greater, and 
ocean basins if depression is sufficient. 
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More intense expressions of diastrophism 
take the form of folding or fracturing of the 
l)(*drock. Fo/f/hig is due to lateral pressure. 
The Appalachians, Alps, and Himalayas 
are among the numerous folded mountain 
range's of the world. Vertical movement 
along a fracture or fault in the bedrock also 
may cause mountains or troiighlike xalleys. 
Thus, the Sierra Nevada was lormed by the 
tilting of a mass of bedrock along a fault 
at its eastern base, and Owens Valley de- 
veloped as a trough at the eastern base of 
the Sierras. The upper Rhine Valley, the' 
Scottish Lowlands, and the Jordan Valiev 
are well-known examples of troughs where 
sections of the earth’s crust have dropped 
between parallel faults. 

Plains, plateaus, and mountains. 
Though these terms are nse'fiil and wndelv 
list'd, it is dilficnlt to draw sharp lines be- 
tween each of tlii'se' land lorins. Thev may 
be dc'fined broadly on the basis ol altitude, 
reliei, and stet'pness of slope. Geographi- 
cally speaking, the altitude ot anything is 
its height above si'a le\el. as ap- 

plied to an area, is the average' diflerence in 
elevation between the' highe.st and lowest 
parts of that area. An undulating plateau 
has low relief, oen though it may have 
high altitude. Steepnt'ss of slope some- 
timt?s is e\'cn more important than elevation 
or relief in affecting the cultivation of the 
land or the building of transport routes. 
Eh'vation can be i ('pix'sented much more 
easily on a small-scale map than relief or 
slope, and thc'reiore it is the basis tor the 
wx)rld map in the front of this book. 

Plains are lands of low n'lief and msually 
low elevation and gentle slope (see Physi- 
cal Map of the World following page xx\’iii). 
Some areas now called plains may actu- 
ally consist of low hills that have been 
eroded from land that had less relief in the 
geologic pa.st. On the physical map the 
large green areas represent the principal 
plains of the w'orld. 

Plateaus are areas of low or moderate 
relief, lying at relatively high elevations. 
They are set off from adjacent plains or 
mountains by fairly steep descents or 


ascents. Among tlie world’s most extensive 
plateaus is the high plateau (over 10,000 
feet elevation ) of Boli\'ia, the Altiplaiio; the 
moderately high plateaus (about 5,000 
feet) of the African lake district and Colo- 
rado Plateau of the United States (Ulus. p. 
414); and the low plateaus (2,000 to 4,0(K) 
leet) of c'entral India and Arabia. Differ- 
ence in altitude alone is not the only dis- 
tinction between plains and plateaus: por- 
tions of the Great Iffains of the United 
States are higher than the low^ plateaus just 
mentioned. On the other hand, certain 
arc'as, like the Appalachian Plateaus of tlu' 
United States, are called plateaus even 
though they consist in large part of stei'p- 
sided hills and mountains. They were pla- 
teaus ill the geologic ])ast, but only small 
patches and strips of the original plateau 
surface remain, the rest having been cut 
away by ('rosion. (Geographically, such 
areas are mountain oi hill lands rather than 
jffateauF. 

Mountaius are lands of relatively gieat 
relief and steep slopes, w^’th small summit 
areas. ITie highest know^n point of land 
is Mount Even'st, in the Himalayas, with an 
altitude of about 29,141 feet. The lowest 
land is the shore of the Dead Sea, in Jordan 
Valley, 1,292 fi'et below sea k'vc'l. Thus 
the extreme relief of the entirt* c*arth is b 
miles: a mere surface scratch compared 
with the 4,000-niilc radius of our globe. 

The plains of the world. Fortunately 
for man’s economic development, more 
than half the world’s land consists of plains. 
About 55 per cent of the land area lies at 
ele\'ations of le.ss than 1,500 feet, cxmipared 
with 27 per cent above 3,000 feet ( Illus. p. 
33). In most respects, plains have the 
mo.st favorable conditions for plant and 
animal life and human occupance. Those 
areas contain the least stony and the most 
productivi' soils, while lack ol great relief 
or steep slopes insures relative safety from 
erosion of their soil material. Road and 
railroad transportation encounter no major 
obstacles aside from water bodies; many 
rivers are navigable. 

It is no accident that by far the greatest 
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j)ercciitage of the world’s population lives 
in plains areas, as in northwestern Europe, 
southern Russia, central United States, 
northern India, and parts ul China. In 
the fertih* alluvial lowlands of the Ganges, 
the Brahmaputra, tin* Hwang llo, and the 
Yangtze Kiang concentration of population 
is particularly great. There are, ol course, 
some plains that are spars(*ly .st'tth'd. The 
plains ol northern Canada and northern 
Asia arc' sparsc'lv populated because of long 
wintcTs, and those ol Turkestan, because 
of aridity. Such jilains may newer be* able 
to support a dense population. In fact. 



according to a rc'cent c.stimate, only about 
30 per cent of the* land .surface is .sufficiently 
level, warm, and moist to be considered 
capable of producing ordinaiy crops. Tlie 
plains are the seats of greatest industrial 
progress as well as of greatest agricultural 
productivity. On them ha^'e been built 
most of the cities of the* world and on them 
are found the principal centers of cultural 
achievemc'nt. 

Mountains and plateaus: distribution. 
Although mountains occupy only a small 
percentage of the earths surface, their 
conspicuous and impressive appearance 
attracts attention and they also have dis- 


tinctive significance from the viewpoint of 
e(‘onojnic geography. A glance at the 
Physical Map of the World reveals that the 
greatest mountain ranges of the earth lie in 
two principal zones: one around the Pacific 
Oa'an, the other running ea.st-we.st through 
Asia and Europe. The first zone carries a 
series of active xolcanoes along the crest of 
the Andes, through Central America and 
Mexico, California, Ala.ska, Kamchatka, 
Japan, and the Ea.st Indies, and is therefore 
sometimes ealled the Rim of Fire of the 
Pacific. Folding and faulting have built 
up mountain walls in this zone, which in- 
clud(‘.s the Andes, Sierras, and Rockies of 
western America. Earthc|uakes are com- 
mon in many sections. Lines of islands, 
the peaks of mountains rising from the 
ocean, are links in this .system of mountain 
rang(‘s such as tlu' Aleutians which run 
from Alaska to Kamchatka, the Kurils from 
Kamchatka to Japan, and the Ryukyus from 
Japan to lM)rmo.sa. 

Th(' .sc’cond sy.sU'in of mountain ranges is 
commonly referred to as the Alpine system 
altei one ol its best-known members, the 
Alps ol Europe. It c\t(‘nd.s from Morocco 
and Spain to New Guinea. To it belong 
such well-known mountains as the Hima- 
lava.s, Hindu Kush, Elburz, Dinaric Alps, 
CarpatliiaiLS, Apennines, and Atlas. Near 
and within it lie plateaus and plains, such 
as the plateaus of Persia, Anatolia, and 
Spain, and the plains of Hungary and 
Walachia. Uplands not related to the two 
main zones, such as the Appalachians, the 
Brazilian Highlands, and the Scandinavian 
Highlands, show lower altitudes or less 
reli('f. 

Economic aspects of mountains. From 
the vievs'point of economic geography, there 
is an important distinction between moun- 
tains which are covered with vegetation to 
th('ir summits and those which rise above 
the tree and grass line. The vegetated 
type provides more opportunity for forestry 
and grazing, and, in addition, it is usually 
less nigged and more rounded of slope, 
thus forming less of a barrier to movement 
than the other type. To this type belong 




Photo by G Muller. Courtesy Official Information Bureau of Switzerland in N. Y. 
(B.) Conditions above the tree line. 
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such ranges as the Appalachian, Pacific 
Coast Ranges (Ulus. A, p. 34), the Jura, and 
the Black Forest, all with wooded, rounded 
slopes and sheltered coves. 

Mountains with barren peaks rising 
above the tree and pasture line are called 
Alpine because of their resemblance to 
the Alps of Europe (Ulus. B, p. 34). The 
higher parts of such mountains often C‘On- 
tain p(Tmanent ice fields from which gla- 
ci(TS inov(' down low^aid tlu‘ \'alleys. The 
unprotected slopes are attack<'d by frost 
and insolation weathering, and .sharp peaks 
and ridg(\s are the result. While glaciated 
zones occur in ^’ery high mountains of all 
latitudes (Ulus. p. 31), and the tree line 
and snow line get lower and lownr toward 
the poles, until mountains near the Arctic 
Ocean ha\e no trt‘(‘s at all and glaciers 
rivah all the wa\' down to the sea as in 
Gri*enland und Antarctica. 

Even in areas of rugged mountains there 
are coninionly ways in which a sparse* popu- 
lation can make a living. Agriculture ordi- 
narily can be carried on only on the floors 
of the lower valleys Animal indii.stries are 
more important in the mountains than till- 
age agriculture. In many mountains of 
Alpine type there is a zone abo\'e the tree 
line and bc'low the snow line where gras.ses 
and other loiage plants flourish. This veg- 
etation furnishes sunnner jiasture ior cat- 
tle and .sheep, and then* de^elops a sea- 
sonal migration between these summer 
pastilles and the winter headquarters in the 
\all(’ys bel()^\^ Such transhuinance is com- 
mon in the we.stern United Stat(*s as well as 
in the iiioimtains of Europe and Asia. 

Mining is another common occupation in 
mountains. Mountain areas often consist 
partly of igneous and metainorphic rocks 
which may be rich in ores of copper, gold, 
sih'er, lead, zinc, and other metals. In the 
United States mining is the principal pur- 
suit in many districts of the Rocky Moun- 
tains. 

Possibly the principal economic role of 
mountains is of a negative character. 
Mountains form not only climatic barriers, 
but also barriers to transportation, and thus 
to commercial intercourse. For centuries 


China was practically isolated from the 
western world by the mountain masses of 
interior Asia. In America the Appalach- 
ians were long a barrier which hindered the 
westward expansion of the early colonists. 
In Europe th(' east-west mountain barrier 
favored the independent development of 
distinct cultures in the south and north. 

Transportation across mountain regions 
necessarily follows the relatively low pas- 
sages, know’ll as passes, which usually are 
comparatively few in number (Ulus. p. 
36). Construction of roads or railroads 
across steep passes is often difficult, and the 
high(*r passes are blocked by heavy snow 
during the winter season. With the ad- 
vance of technical knowledge, man has 
learned to build better roads and to pierc*e 
mountain ranges by means of tunnels, some 
of which are many miles long. (Construc- 
tion of such tunnels, howe\'er, is an arduous 
and costly undertaking. Mountain ranges 
will always remain economic obstacles 
to commercial intercourse. Even when 
crossed by modern roads and railroads, the 
upk(‘cp of the routes and the extra power 
and fuel needed to o\ercomc the steep 
grades reinain a continuing expense. 

Although mountains are not of great di- 
rect economic value, we should not forget 
that, as a result of their height, they receive 
large amounts of precipitation in the form 
either of snow or of rain, and that this 
moisture is often indispensable to the plains 
below them. The cotton raising of Russian 
Turkestan depends upon the snows of the 
Tien Shan and Hindu Kn.sh Mountains tor 
irrigation water, just as the fniit and rice 
production of the Great Valley of California 
depends upon Sierra Nevada snows. The 
height of the mountains also results in a 
coolness that makes them a refreshing sum- 
mer retreat for people from the hot low- 
lands. In addition, the steeply descending 
rivers are available for generating hydro- 
electric power. 

Plateaus vary greatly in altitude. In 
warm, tropical regions plateaus of moder- 
ate elevation offer the best sites for human 
activities. The high plateaus of Kenya, 
Tanganyika, South Africa, and Ethiopia 
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have a healthful climate which facilitates 
agricultural dcvc'lopmciit. The plateaus of 
southern Brazil are the most densely popu- 
lated part of th(* entire country. In Co- 
lombia the plateau of Bogota is a densely 
sc'ttled area, with di%ersified agriculture, 
industrial activity, and cultural progress. 
Some extensive plateaus, like the Mongolian 
plat(‘au of Asia, are dry as a result of the 
surrounding mountain barriers, and sup|X)rt 


a sparse grazing industry and limited iriiga- 
tion. 

Latid forms and the external forces. 
With the limited vision imposed by his 
short tenure of life, man is inclined to look 
upon th(* mountains of the (‘arth as symbols 
of eternity. Among some primitive peo- 
ples the mountain tops are thought to be 
the sites from which the spirits of the de- 
parted forev'er watch over their descend- 
ants. In Japan, Fujiyama symbolizes all 
that is old and hallowed by tradition and all 
that lasts while generations come and go. 


The c'osmic order, however, recognizes no 
such thing as permanence, and ev(m the 
most majestic mountain systems are subject 
to that fiindainental law of Nature which 
decrees t*\ erla.sting change. 

WluTCN er bc'drock is expo.sed to the air, 
it is attacked by fore(*s which lead to its 
disruption. Other lorces tran.sport the 
rock fragments downbill. Some' mouiitaiii 
peaks, apjiarently consisting ol solid rock. 


are so thoroughly d('cayed at their summits 
that a famous Alpinist once exclaimed: 
"Give me a crowbar and I will lowt'r tluMii!” 
(Ulus. p. 37.) Mountains — and whole 
mountain systems — wear away, although at 
a rate so slow that only by studving the re- 
sults can man grasp tlu‘ significance ol the 
forces and processes iiuolvc'd. Jn Euro])e, 
the low mountains and hills of Belgium, 
Brittany, and central France once* probably 
reached Alpine heights. In the Ibiited 
States, the Appalachian mountain systtan 
has suffered immense' erosion in the course* 
of its long existence. 
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From the point of view of economic g(*- 
ography it is fortunate' that mountains arc 
not the pernianent feature's of the landscape 
that they are commonly believed to he. 
Most of tlie' mantle' reick eif the' earth is the 
result of the slow decay eif mountain 
masses, and the mantle rock gives rise to 
soil, the* e’sse'iitial base* feir plant greiwth and 
agricnltnie. 

Rock decay or xveuthering. The* first 
ste'p in we'aring elown niemntains is reick 


tensely by solar radiation. This unequal 
heating leads tei unequal expansion and 
results either in the scaling off of the outer 
surface or in fragmentatiein of the reick, 
especially when the heating during the day- 
time is folleiwcd by rapid cooling at night eir 
hv a sudden do>Mipour of ceild rain water. 
The* unequal rates of expansion of the con- 
stituent minerals also cau.ses fragmentation 
of such rocks as granite and gneiss. This 
alternating expansion and contraction is an 
important factor in dc.sert regions and in 
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\AV‘athcring in mountains Cloud dcsct'iidnnj; on ndpc* near summit of Lon^s Peak lemperaturc 
olKuifTos .ind frcHving lia\r caused crumbling of rock 


decay, or wcaihnin^^, induced by exposure 
to the elements and by the attacks of organ- 
isms Weath('ring may iinobe only the 
breaking up of rock masst's into smaller 
particles, or it mav iinobe complete 
changes in the composition ol the constitu- 
ent minerals of the rock. The mechanical 
type of weathering is termed (lisinfegra- 
fkm; the chemical tvpe, dcroniposition. 

DisiNTECRAi'joN. Like most sulistances, 
rock expands when heated and contracts 
when chilled. Just bellow the surface, tem- 
pc'rature change's are slight. During the 
day, a rock surface may become heated in- 


high mountain areas where a protective 
\ egetation cover is absent and where there 
are sharp contrasts betwee^n day and night 
temperatures. 

Moi.sture is often present in the voids and 
cracks of rocks. Upon freezing it expands 
about onc-eleventh of its volume. In 
gaining this additional volume it exerts 
tremendous pressure. Voids and cracks 
are enlarged, and the cracks penetrate 
deeper and deeper into the rock, paving 
the way for complete disintegration. This 
type of weathering prevails where moisture 
is abundant, where temperature changes 
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above and below freezing point are fre- 
quent, and where there is little or no veg(*- 
tation cover to protect the rock. Such 
conditions exist above the tree line in (Ulus. 
B, p. 34, p. 37) high altitudes and in high 
latitudes. Much frost weathering occurs 
even in middle latitudes during the winter 
season. 

Decomposition. Water is the chief 
agent in crumbling rock bv chemical proc- 
esses. Pure wat(T is chemically inactive, 
but water usuallv contains other matter 
and often occurs in ionized form. As the 
raindrops descend from the clouds, they 
gather c'arbon dioxide and oxvgen, as they 
percolate through th(' soil humic acids and 
othcT chemicals may be incorporatc'd. 
Water so fortified can eftect th(‘ crumbling 
and e\'cntiial wasting awav ol any lock. 

Chemical m\athering pi actu ally ceases 
at teinp(Tatur(*s l)elo^^' freezing This type 
of weathering therefore is unimportant in 
high mountain or jiolar regions. Since 
relatixTly high temperature’s accelerate^ it, 
chemical weatheTing is most aclixe* in the 
warm and moist tropics, where rock some- 
times weathers to de'pths of ox (t a liuiielre'd 
fee*t. In regions such as the C.ongo or the 
Amazon basins, emtciops of solid lock are 
rare and are' usuallv found only in stream 
beds. Be'cause this is generally true exeii 
for are'as of cemsiderable replied, exploration 
for mine’ials is diffie'ult in tropical rainy re'- 
gions. In desert areas, che'iuical weatluT- 
iiig plays only a minor role bex'ause of the 
lack of moisture. 

Erosion and deposition. As soon as 
rock has be'eai broken into smaller pieces 
by weathering, the force of gravity starts 
mox'ing the weathered mattTial downhill. 
The movement may occur either directly or 
through the medium of an agent of trans- 
portation such as running water, wind, 
waves, or ice. The processes of reduction 
of the land, especially the transportation 
aspect, are known collectixudy as erosion, 
from a Latin word meaning “to gnaw out” 

( “rodent” comes from the same root ) . The 
products of erosion eventually come to rest 
as deposits at lower lex^els. 


The direct work of gravity is apparent in 
the sandy debris that covers th(* ground 
around the base* of granite or sandstone 
rock outcrops. If cliffs are high, large frag- 
ments break off and pile up in steeply 
sloping accumulations known as talus ‘dt the 
base of the cliff (Ulus, below). 

Less spectacular hut really much more 
important than mountain ro^ falls, is the 
downhill mass movemc'nt of mantle rock 
thioiigh the processes of landslide’s, slumps. 
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Talus slope on soiitli .side of Sheep Mountain, 
Colorado. Note hadlv we.itheied ht^droek ahoxe 
tlie talus 

or sloxv creep. This direct xx'ork of gravity, 
together with surface washing of particles, 
produces rounch'd slopes and transports to 
streams the material that makes up the 
greater part of their sedimentary load. 

Streams and other agt'iits of transporta- 
tion can carry the rock debris much farther 
than gravity alone. Bc’sidcs tran.sporting 
detritus great distances, the transporting 
agents also do some rock-carving of their 
own, with th(‘ aid of their corrasive load. 
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wearing clown their beds and cutting away 
their banks. (Illiis. below.) 

The results of erosion may be either 
harmful or beneficial to man’s economic in- 
terests. In high mountain regions, which 
are usually sparsely populated, erosion does 
relatively little direct damage to human 
inten'sts; in lower, hilly areas much good 
soil may be earned away by water, to the 
detriiiKMit of agnculture. In southeastern 
Ibiited States, for exainpk', aceelerated ero- 
sion, so-called sheet erosion, n'sulting from 


directly or indirectly by erosion from adja- 
cent mountain areas. It should of course 
be understood that these are processes that 
involve geologic ages, not time as usually 
measured by man in decades or centuries. 

Erosion and deposition by water. 
When moisture falls upon the ground, 
gravity immediately causes it to seek lower 
levels. Surface run-off and ground water 
result, both giving rise to streams. Many 
small streams, intermittent as well as per- 
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H()iiI(1(ms in slit Min heel oi Big Tlionijison Crtrk acioss front raii^t*, Colorado Tlieso honlck*rs are 
no\fd \tlien tlie walei is Ingli Inil remain lodged during low-water stages When moved they serape 
he stream bed and are reduced m si/e liy tlie eoiravsne processes. 


unwise land use has become a serious prob- 
lem. 

On the whole, howex er, normal erosion is 
more useful than harmful to man, because 
what rivers, glaciers, or wind transport, 
they must deposit somewlu're. All the 
valley bottoms and most of the plains areas 
of the world ha\'e resulted from the deposi- 
tion of rock waste remo\'(‘d from higher 
slopes. For example, much ol the upper 
bedrock and mantle rock ol the Great Plains 
of North America and of the lowlands oi 
northwestern Europe was deri\x"d either 


manent, unite to form rivers which may 
drain large areas of land. Most of the 
water of these streams ultimately reaches 
the sea. In dry climates, some drainage 
basins have interior drainage: that is, they 
have no outlet to the sea. 

Streams are the most important agents of 
erosion and deposition over much of the 
earth's surface. The erosive capacity of 
streams depends upon their size and their 
velocity. Those that have steep gradients 
are swift and can carry great loads of 
boulders, gravel, sand, and finer particles. 
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This load corrados the stream bed vigor- 
ously if the stream is swift. The streams 
thus deepen their valleys and extend them 
headward farther back into the uplands. 
At the same time the network of minor 
streairis becomes more dense* : as a plant 
c'onstantly grows new roots, so a rix er grows 
new tributaries. Thus all the higher land 
finally is dissected by river xalleys, and the 
hills and mountains in b(*tween are slowly 
worn away. Downstream, where the 
gradient is gentler, the velocity of the 
strc'am decreases, and part of tin* load is 
dropped. The deposits tend to be sorted 
according to size of fragments. The largest 
stones, soinetiines weighing several tons, 
are d(*posited in the stream bed in the 


jioorly drained basins where the finer mate- 
riaLs, silt and clay, are deposited. Flood- 
plains, with their di*ep alluvial .soils, an* 
some of the most densely settled agrieul- 
tural ar(*as in the* world, like the* valleys of 
the Nile, Gang(*s, and Yangtze ri\’ers. If 
for some rea.son a stream that has been 
building a floodplain begins again to cut 
downward, the old floodplain may become 
a terrace (Ulus, below). Because of the‘ir 
safety from floods and their good drainage, 
valley terraces an* important not only as 
farmland but also as sites lor towns and 
liiK‘s of traiispoitation. 

Alluvium deposited at a river mouth in 
a lake or sea forms a delta. The* delta may 
gradually project far beyond the geiit'ral 



upper part of the stream in or near the 
mountains (Illus. p. 39). Gravel and 
sand ar(* deposited in or near the stream 
channel farth(*r downstream. Tin* finest 
particles, silt or clay, may b(* deposited 
some distance from the channel when the 
ri\'er floods, or they may be carried out to 
.sea. Any rock debris deposited by running 
water is called alhioiwii, a special type of 
mantle rock. 

Where alluvium is spr(*ad out upon the 
land by successive floods of the river, the 
resulting land feature is known as a flood- 
plain. Floodplains usually are highest 
close to the river, where part of the load is 
dropped when the river velocity is first 
ch('cked by friction when it overflows its 
banks. Back of tlie natural levees, thus 
formed along both sides of the river, are 


coa.stline. In the course* of succ(*ssive 
changes of channel, the ri\(*r builds in the 
delta a .series of radiating l)ranch(*s (‘ailed 
distributaries, with natural l(*ve(*s along the 
chaim(*l.s and marshy areas in betw(‘(*n. 
Such land may be e\lrem(*ly fertile when re- 
claimed, as witn(\ss the rich, den.s(*ly popu- 
latc'd deltas of the Rhine River in the Nether- 
lands, the Red River in Indo-china, and the 
Si Kiang in Ghina. 

Th(* differences in the (*conomic problems 
in different parts of a riv(*r svstem arc well 
illustrated by the Missouri-Mississi))pi sys- 
tem. The Missouri rises in the northern 
Rockies and flows across the western Great 
Plains at an elevation of nearly one mile. 
Here steep gradients re.sult in high veloci- 
ties, and active downcutling of the stream 
channel results. The farmers of this area 
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are interested in holding back the swift 
waters with dams and using them for irriga- 
tion. Below the moutli of the Missouri, tlie 
Mississippi Biver lias a ^erv gentle gradient 
and is aggrading rather than degrading. 

the ])eople are most c-oncenied with 
pre\enting floods and with maintaining a 
na\'igable ehaniu*!. Near the delta tht* 
ri\’er is in places 10 to 15 feet al) 0 \’e the 
le\el of the floodplain. It is confiiu'd to its 
!)('(] by natural le\’e(\s supplemented bv 
man-mad(' le^’e('s As the river tends to 
build u]i its b(*d bv deposition, the protec- 
tive' dikes must be built higher and higher, 
or th(‘ stream must be' confined to a nar- 
rovv^er channel bv jc'Bies so that the in- 
cH'ased ' elocity will sluice' the' channe'I 
clear. 

In arid are'as, where streams dwindle 
away before reaching the' .se'a, the e'litire' 
leiael e)f (•• tritus is deposite'd on the land. 
Ste'e'p all j vial cones and ge^utle^ alluvial 
fans are* built at the* mouths ol memutain 
canyons, wiieie stream vedeicity is checked 
as the* stre'ams e'lne'rge* from the mountains. 
Alluvial fans and othe'r natural barriers 
semie'times cre'ate basinlike areas, in w'hie'h 
water ceillects afte'r raiusteirms or during a 
se'rie's of wc't years, einlv to dry up during 
long drv spedls, le'aving glaring wiiite flat 
e'\ pause's e)f accumulated salts. Such in- 
teTiuittent be)die*s ol w^ater are known as 
])la!/a lakes. 

A sjie'C'ial .se*t e)f land fe^atures .seimetime^s 
de'velops in humid areas wiu're* the under- 
King re)ck is limesteine or some other easily 
soluble material. He*re the principal e're)- 
sive action is due* to the solution of the 
rock bv water cenitaining carbonic acid. 
As the w^atcr percolates through cracks in 
tlie rock, it dissolve's vertical tubes into 
which the* surrounding surface* material 
erode'S, forming funnel-shaped depressions 
in llie land kneiwn as sinks. Some sinks 
develeip into lakes without surface emtlets. 
Surface stre*ams are scarce or even lacking 
in such areas: surface w^ater drains through 
the pe)rous rock, through widened joints or 
sink holes, and flows away underground. 
As it flows undcrgre)unel, the water, by 
means of seJution, creates winding caverns, 


resulting in some of the world s most spec- 
tacular natural wonders, such as Mammoth 
Cave in Kentucky and (Jarlsbad Caverns in 
New^ Mexico. The exposed surface rock 
in such areas may be dissolved along joints 
into a s('ries of rough corrugationsu Areas 
w^h(*re rock solution dominates the land- 
scape are knowm as karst, from an area in 
Yugoslavia where they were first described 
in systematic detail. 

Still ()th(*r types of land features resulting 
from water action are those caused by 
waves. Here again both (*rosion and dep- 
osition are important, llie wav^(*s, espe- 
cially along thc' seacoast during storms, may 
pound against the land wnth great violence. 
The coast is thus cut back, leaving steep 
cliffs. The debris eroded from the laud is 
carried to sea by the undertow, and drifts 
along the coast with the currents and 
waves. The platform cut by the waves is 
thereby extended out from th(* coast by a 
built platform, and if tht* land later is raised 
or the sea rt'ce*des, a marine terrace is left 
expo.st'd. The detritus carried along the 
c'oa.st by waves and currents may lx* rede- 
posited as sandy spits projecting across the 
entrances of bays, or may form harrier 
beaches backed by lagoons along the main- 
land side, as is true of much of our Atlantic 
coast. 

Erosion and deposition by wind. 
Wliereas water erosion is most activ^e in 
humid regions, wind erosion is more effec- 
tive in arid and semiarid lands. In deserts 
and near-deserts vegetation is sparse, active 
weathering provides much loose material, 
and thc particles arc too dry to adhere to 
one another. Coarse sand and fine gravel 
are swept along the surface by strong 
winds, while the finer particles — such as 
fine sand, silt, and clay — are carried sus- 
pended in the air. As a result of the wind 
action the desert surface tends to become 
rocky, sandy, or silty. 

Rocky deserts, known as hammada in the 
northern Sahara, develop when the finer 
particles have been blown away by the 
winds leaving bare bedrock and boulders 
on much of the surface. Sand grains can 
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he moved bv the wind, but are not usually 
carried verj^ far at one time. They tend 
to be deposit('d on the leeward sides ol 
deserts, or on rising slop(‘s, where they form 
sandy deserts known as rrp^s in the Sahara. 
Ergs are generally less evtensne than ham- 
inadas in the worlds des(*rts. 

In anv area of abundant unprotected 
sand, along beaelu's as well as in dc'serts, 
th(' wind creat(*s hills of sand known as 
dunes. Dunes skmlv mo\(‘ across the land 
as the wind carries the sand parlicl(*s up the 
gentle windward slope and drops tlu*in on 
the steep let*ward slope of the dune Th(' 
largest areas of sand dun<‘S are found in 
the gr(*at desert legions of the world: tlu' 
Sahara, and the desc'its of Arabia, Mon- 
golia, and Russian and Chint‘se Turkestan. 
One of the large dune areas in the Ihiited 
States is near the (Colorado Ri\’<‘r in Cali- 
fornia. There are exteiisi\e dune areas, 
now coven'd in carving (legr<*es bv bunch 
gras.ses, in parts of tin* Cn^at Hams n'gion 
of the United States, notabK* the Sandhills 
Region of Nebraska ( 111ns. right ). As th(‘se 
dunes ha\e reached \irtual stability, they 
are (‘ailed fixed dunes. Along seaeoasts 
where b('aches are sandy and the w inds are 
ino.stly onshore, sand dunes sometimes de- 
velop and mo\e inland. In uorthwTSteni 
Europe the westerly winds are tlius re.spon- 
sible for the dune areas along the coasts 
fiom southwestern France* to Denmark. 
Along the southern California coa.st th(* 
westerlies ha\e proMch’d similar dune fic‘l(ls 
convenient for HolK'W'Ood Saharan .scenes. 
Low dunes occur along the Atlantic sea- 
board from C>ape Cod southward. 

Because of its mo\ement, porosity, and 
relative sterility dune sand is inimical to 
vegetation. Attempts to anchor cIuik* 
sands have met wuth varying degrees of 
success. Ill a relatm*ly humid climate, as 
in west(*m Europe and parts of the United 
States, some kinds of grasses and e^'en tn^es 
can be grown, but watchfulness is necc^ssaiy 
if plantings are to surxive. 

Material finer than sand may be carried 
by the wind, as dust storms, over consider- 
able distances and upon deposition may 
give rise to extensive deposits of loess. 


Loess includes material w4iich rang(*s in 
fineness from clay ihrough silt to \’ery fine 
sand and does not show^ regular stratifica- 
tion; in some places it has been r(‘W'orkecl 
by w'at(*r, in w'hich case it r(’.s(*mbles allin ial 
mantle rock. The most striking character- 
istic of lo(*ss is its porous but cohen'ut struc- 
ture, which enables it to stand ^(*rticallv in 
cliffs, w ith little tendency tow aid sliding 
and slumping. 

Loess deposits occur in three* t\’pes of re- 
gions: (1) on th<‘ margin of d(‘S(Tt areas, 
(2) in the near areas that ha\e been sub- 
jecl(*d to continental glaciation and (oj 
adjaernt to the vallcNs of some major 
streams. I'hc occurrence ol loess imdei 
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Gra.ss-C(>\(T(*(1 (liinfs aiicl s.nidv road in IIh*^ Ne- 
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such w'ideh' different conditions sngg(‘sts 
that it may ha\e been blown (1) out of 
des(*it area.s, (2) out of formerlv L’laei.ited 
an*as before vegc'tation had ie-('stal)lishi*d 
its(*lf, and (.3} out of wide floodplains. 
The most (*\tensi\c loess r(*gions aie found 
in northern CJiina, southern Russia and 
Siberia, and the central part of the Mis- 
soiiri-Mississippi drainage basin. Lo(\ss de- 
posits have gi\en ri.se to .some ol tlu* w^orld’s 
most fertile .soils. Their princijial handicap 
from an agricultural point ol vit^w'^ is that 
they occur mo.stly in .sc niiarid or subhiimid 
regions of undependable precipitation. 

Glacial erosion and deposition. Ero- 
sion and depo.sition by ice profoundly 
modified much of the .surface of the (*arth 
during the Ice Age, and still continues to 
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do so in thv polar regions and in th(^ liigh 
mountain areas of the middle latitudes. 

In high areas and polar K'gions. snow 
mav aceuiniilate from year to )ear, forming 
snow fields Gradually the snow is eoin- 
pacted into iee, and as the* lee mass heeomes 
thicker and heavier, some of it begins to 
flow outward from its source in long 
tongues called glovwrs 

In mountain areas the glaeicTS follow 
the mountain canyons and \ alleys. The 
weight oi the glaei(‘rs. and tlu* stones and 
grit enil)(‘dded in their lowest layers, nai- 


was eosered. In North America the ice 
spiead Iniiu thrir cciiUts: the C^ordilleran 
111 the northern Rockies, the Keewatin west 
of Hnd.son Bay, and the Laurentian east of 
Hudson Bay. I'he evidence shows that 
probably lour successive ice advances oc- 
cuiied, each extending \arviug distances 
into what is now the United States, and 
separat'd bv long, practically icc'-free pe- 
riods. The carlitT shet^ts advanced some- 
what farther south than did the later ones. 

Th(‘ forward movement of the.se enor- 
mous mass(\s of ice n'sulted in a thorough 




Upper .section .sliow.s .scorned glacial plain, lower section illu.stralc.s 
a glacial drift plain. 


der them v(*rv’ potent m scouring and goug- 
ing th(‘ .surface over which they jiass. "lh(‘ 
glacial valleys bt'cnme U -.shaped through 
this cutting and .sapping action, and .striking 
b()wl-shap(‘d amphitheateis called cirques 
develop at the heads of the glaciers. 

Extt'usive glaciation of large laud mas.ses 
has occurred at v arious times in tlu* history 
of th(' ('arth. The last of these periods is 
aimmouly referred to as the lee Age* or the 
Glacial Period. During the glacial period, 
huge* ice sheets, probably .several thousand 
f(*et thick, formed in the northern parts of 
Europe and North Am(*rica, and spn^ad 
.southward until oiu'-lialf of each continent 


scouring of the .surface, esjiecially near their 
c(‘nters of origin. Mantle* rock and proini- 
iKMit bc*dn)ck masse's were ground up and 
c*eirried away (Ulus, above). Basins were 
excavated in the bedrock. As a result of this 
glacial erosion, arc*as like P'iiiland, northern 
Swe'deu, and the J^aurentian upland of 
north ee’iitral and northeastern North 
America have extensive areas of exposed 
bedreick, sparse mantle rock, and myriad 
lakes. In such areas agricultural possi- 
bilities are limited and forest represents 
the most economical use of the land. 

In a wide belt near the margin of the ice- 
covered area, deposition prevailed over ero- 
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sion; and with tlic melting of the ice its 
rockv Inirclen was left as a niaiith* oi \aryiiig 
tliickness ( Iowct flliis. ]). 43) A lar^e area 
111 North Ameiiea, hi tweeii the Great Lakes 
and tlie Ohio and Missouri rivers, and in- 
eliidnig most ol New York and all of New 
England, was eov'ered hv a lieaw mantle of 
glacial d(‘hns. In Europe, similar matcTial 
ioriris the surface of nineli of the northern 
part of tlie eontinent and all l)iit the south- 
ern part ol the British Isles. 

Glacial debris is of saried content. It 


drift inav he v('ry .stony and sandy, espe- 
cially in areas of more reei'iitly deposit(‘d 
drift. Sandy glacial areas occur m north- 
ern Michigan, nortliein Wisconsin, and 
nortluTii x^linTK‘S()ta. From an agricultural 
point of \iew such regions are distinctly 
marginal. In New England the numerous 
glacial lionldcis made tillage difficult. The 
colonial fanner with unending patience' 
pick(‘d out tlu' .stoiu's, laigt‘ and small, and 
piled them into mile upon mile ol stone 
fence. These' stone fences care still one of 
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Clacial moraine lopognipliy iii soutliea^.lcTii Miihiei.iri Note irregular, llUInlll()ek^ lulls lelt hv melUiig 
of ue w'llli ('oiise<|iiciit de'positioi) of (oiitaiiied roc'k dehns 


may he coarse or fine, dropped by the ice 
directly or hy the waters wliich issued from 
the ice thiongh melting. The mantk' rock 
deposit'd 1)\' the ice is commonly refc'rred 
to as facial clrifi. It can easily he di.stin- 
guislied from alliiMinn, for allnyimn is well 
sojh'd according to thc' size of its particles, 
while glacial drift is an unassorted mixture 
of rock fragments of all sizes. 

Sometimes glacial drift is loaniv (a mix- 
ture of saud, silt, and clay), with Large 
and small boulders scattered thiough. In 
areas of old drift, most of the coarser mate- 
rials ha\e been hrokeii down by wc'ather- 
mg, and rich, easily tillable, loamy soils may 
hav(‘ been deseloped. In other places the 


the most eliaracteristie elements ol tlu' New 
England landscape. 

Whereyer the front of a glac'ier remained 
stationary for a number ot yeans, either at 
its farthest extent or at a temporaiy pause 
during tlie recession ol tlu' glacier, un- 
a.ssortcd rock debris accumulated in sizable 
11 regular ridges paralli 1 to the front ol th(' 
ice. These ridges, known as (rrtninal 
moraines and rccrssumal moraines, stretch 
for miles acioss the lands of former conti- 
nental glaciation (Ulus, ahoxe). Such mo- 
raines nm tlu* li'ijgtli of Long Island, New 
York. Thc blocking of drainage hy such 
moraines has resulted in the devt'lopmciit of 
numerous lakes. 
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Conclusion, We have' outlined briefly 
in this chapter tbt' eliaraeter of tlu* (*arth as 
a whole and of tlie lithospheri* in p.irtieiilar. 
W(* ha\e glimpsed the lunneroiis vaiieties 
ol Ix'droek and tluar geographic* signii- 
leanee as the* fonndation of land lorins. 
We base toncluxi upon tlx* major land 
lorins, their rednetion bv weatlxTing and 
(Tosion, and tlu* redeposition of thedr 
we.ilh(T(‘cl prociiiets as another S(‘l ol land 
forms odtring \’ari(‘d eeononne problems 
and oppoitnnities. 

In a Imok on eeonomie geography tlx* 
ph\'sieal faetors ean be dealt with only 
briefly. ReadcTs nitiTested in a Inih’r un- 
derstanding of this phase of gt'ogiaphy will 
find that there exists an abimdanei* of inati*- 
rial to which they ean refer lor further 
reading. 
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Chapter Four 


ECONOMIC ACTMTIES AND 
THEIR PHYSICAL BACKGROUND 


It seems iiKriY that avclsihal 
man began liis upward cliinl) into tlie n^alm 
of thonglit and planning wlnle lie was pri- 
marily a gatherer ol the j)roduets of Nature. 
He thus responded to the urge eominon to 
all life, tli(' urge* to Ine. To provide snb- 
sistcMice is the primal lU'eessit)' of lifc‘, and 
probably the first aeti\iti('s ol man were di- 
reeted to this end by hunting animals whieh 
would when killed proNide meat for food 
and skins tor raiment. Fish in the shallow 
waters along seashoix's and in inland 
streams would readily be suggesti\(' of a 
food sonree to hungry man. These \v(Te 
undoubtedly the earliest lonns ol aetiMties 
wliereby man sought to assure himself of 
food and raiment, and therefore tlu’y may 
be termed the earliest (*conomic aeti\'ities 
of man. Broadly defined, economic activi- 
ties are the various pursuits whereby man 
makes his living and earns the means lor 
satisfying his social needs. 

From the elemental ac'tivities of gather- 
ing, hunting, and fishing without equipment 
other than such as were provided by Nature, 
man has through^ the ages gradually de- 
veloped the complex activities of the mod- 
ern industrial world. Hunting and fishing 
still are important human activities but are 
no longer defined as merely subsistenct* 
pursuits; now they range Irom sports and 
recreation to highly commercialized fac- 


tory-type industries, but e\(‘n so they make 
up but a small fiac'tion of the economie 
aeti\itu‘s of the people of am' inod(Tn in- 
dustrial nation. 

At first glance one is templed to think 
that an\ elassification of th(» diverse eeo- 
nomie aetivities is likely to be futile And 
yet, if a g(*neral perspective' ol (Ik' activities 
of the m()d(*rn world is to be leali/ed sonu’ 
systc'niatie plan must be workc'd out 
(]lo.sei study will reveal that man's >*eo- 
noniie activities can be organized into a 
relatively small numbei ol main groups 
or divisions, with each division having a 
“golden thread” ol common interest (‘\tend- 
ing through it. Jt will also be lonnd that 
each group operate's within rath(*r clo.selv 
defined limits set partlv bv man and partiv 
by Nature. One ol the functions ol geo- 
graphic study IS to describe and to evaluate 
the interrelationships of economic activities 
and the natural conditions under which 
they operate. 

Commercial hunting and trapping. 
North America, on the advent of the white 
man, was a hunters paradise. Besides of- 
fering millions of animals of the eatable 
kind, it was teeming with fur-bearing spe- 
cies. The* (*arly fur traders were the first 
white men to penetrate this continent in 
search of tlw' prized pelts. Trapping has 
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been carried on rather riithlesslv e\'(‘r since 
and is still the only means of livelihood for 
some in the wilds of (Canada. In the 
Umt(‘d States l^owever, trapping is be- 
coming more and more an avocation and a 
pastime for vomigsters. 

The greatest hunting ^^entnr(^s arc' now a 
matter of history In the b(*ginning ol the 
nineteenth c(*ntiiry whaling ranked among 
the foremost him^iiig exj^editioiis. In 1850 
more than se\'en hnndn'd American ships 
sc'Onred the occ*ans for this priz(*d mammal. 
Toda\’ whah's an* relativ(*ly scarce^ in north- 
ern waters. Sc'aling was likewise once an 
industry of major importance. In its hey- 
day it '/as carried on so ruthlessly that fur 
seals wfre \’irtuallv extinguished within a 
ceiiturv and a half. WluTcas millions of 
seals lormerh' dispr)rt(‘(l tlu‘ms(‘l\es on tlie 
shor s of \ntarctic S(*as, today they an' 
so scaree thc're that (‘ommeicial sealing 
has practically ceased. The northern seal 
barely (xsc'api'd a like fat(‘. Thanks to the 
Unit(*d States go\ (Tunient, unscrupulous 
killings were stopped just in time to span* 
tlu* seal from the fate of the dodo Thi'^ 
was accomplished thi-ough the initiative of 
th(' United States with the co-operation of 
Ci'aiiada, Rn.ssia, and Japan. 

.\s late as 1850-1870 tlu' Great Plains of 
the Middle* M^exst from the Dakotas to Texas 
providc'd pa.stiire grounds for countless 
herds ol American bison. These wen* d(*ci- 
inated nithU'ssly by no higher moti\'e than 
the lust to kill. For geiu*rations the bison 
had l)(*en hunte'd by the Indians for their 
.sup])ly of meats, fats, and skins, a laudable 
economic activity for subsistence; Init when 
white* man came with guns the hunt ce^ased 
to be* an (*conomic activiW, it was merely 
slaughter. 

Fishing may be divided into inland fi.sh- 
ing and marine fishing. The former con- 
notes fishing ill inland waters. The re- 
strictc'd an*as of such waters and the vigor 
with wdiich fishing is usually carried on 
leads to rapid depletion of the fish popula- 
tion. This has brought about the necessity 
of stocking such waters through activities of 
governments and private individuals. In 
the United States, millions of young fish are 


rai.sed v(*arly in hatcheries for distribution 
mlo lakes and streams. Various European 
countries engage* in this same procedure of 
artificial propagation. With as great dili- 
gence and care as we raise fine cattle or 
poultry, even pri\ ate fish culture is an im- 
portant industry in some parts of (]hina and 
Japan, w^here fish are produced in areas 
which otherwise would be economically 
useless. Much-needed food is pro\’id(*d in 
this maiiiK'r. On the other hand, \’ast fish- 
ing enterprises on a commercial scale are 
carried on in the middle and higher lati- 
tudes. The most prominent fishing grounds 
are those of the North Sea, the fishing 
grounds off the coast of New^ England and 
Newfoundland, and the seas adjoining 
Japan. (See the Physical Map of the 
World.) These are discussed in Chapter 
Se\ enteen. 

Agriculture. Agriculture is perhaps the 
oldest .systematic pm suit of civilized man. 
Hegardk'ss of wdK*th(*r early man was first a 
ht'ider of beasts or a tiller of the soil, such 
acti\ ities iiK'N’itably led to a degree of co- 
operation and group activity. Agricultural 
acti\'ities refei to all of man's labors related 
to the cultivation of the soil and to industries 
w^hich arc dir(*ctly dependent upon it, such 
as tlu* production of livestock. nK*se ac- 
tivities are prompted bv one of two main 
purposes: (1) to supply local wants and 
needs, or (2) to furnish that which other 
people desire. The* first-named type of ac- 
tMiy is termed sttbsisfrncc agriculture and 
the latter commercial agriculture. 

The t(*rm suhsisience agriculture is a rela- 
tive one and \’aries in significance as to time 
and plac(*. Wh(*rc‘as all agriculture was of 
this nature in its earliest stages, today we 
find considerable variations because in most 
areas agricultural production is partly for 
local sustenance and partly for surpluses to 
be sold on the market, the proceeds to be 
used for purchase of other goods or services) 
Thus the farmers of the Corn Belt of the 
United States do considerable home butch- 
ering and home curing of pork and beef 
products for their own use; this aspect ib 
distinctly one of subsistence agriculture. 
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edible loodstiills to animals to be converted 
into meat, and their total production is so 
low that there is never any real surplus to 
be stored or exchanged for oth(*r goods. 
Tliese are among the most severe famine 
bt‘lts of the world. Subsistence agriculture 
IS typical of agricultural areas that lack 
means of exchange. It is characteristic of 
pioneer conditions where people are few 
and transportation facilities wanting, and 
of areas of extreme density of popula- 
tion where total production of foodstuffs 
must be used directly in man’s diet. 

Modern transportation facilities by land 
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as factory goods, drugs, and medical serv- 
ices. E\'cn the silk producers ol japan and 
the tea producers of China, who raise most 
of their own food products, are within the 
orbit of commercial agriculture. 

Commercial afficulfurc bespc'aks speciali- 
zation in the production of agricultural 
products and in the* exchange of surplus 
products for the many other needs of the 
produetTS. Agriculture in most of the pro- 
gressive, industrial nations is now on this 
basis. The potato producers of Maine, the 
cranberry producers of Massachusetts, the 
ranchiTKMi of Wyoming, and the coffee pro- 
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On the other hand, th(‘ larger proportion oi 
th(‘ir crops ol gram and forage are sold 
either as such or after ha\ing bei'ii con- 
^’erted into fattened livestock or into dam' 
animals and dairv ])roducts. This tvpe of 
mi\(*d agriculture* is most widelv pr('\'al(‘nt 
in nearly all the food-producing areas of 
the world. In some areas of high densit)' 
of population, as in parts of (]hina and 
India, farmers consume direcllv with but 
little procrssing all the grain they produc^e, 
they cannot aflord the luxury ol feeding 
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and s('a and air ha\ e widened th(‘ horizon of 
trade and commercial relations. The corn 
farmers of Iowa, the w'heat produccTs of Al- 
berta, and cotton growlers of Mississippi 
e\(*hang(' tluar products for cofice, cacao, 
bananas, spices, and other agricultural 
products of the low'cr latitudes. Each rc’- 
gioii may now specialize in the production 
of agricultural commodities particularh 
adapted to its en\ironmt‘nt and exchangt' 
surplus products w'ith far-aw'ay lands, 
mainly for products of city enteiprisc's such 
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clucers of Brazil art* biif a few jlliistratioiis of 
this type of activity (Ilhis. p. 48). 

Forests as resources for wdi/stry. C'ivi- 
lizatioij owes a great debt to the tree. Nfiil- 
titiides of iiistruni(‘nts and de\'ic(‘s are easily 
made from it to till the* soil and to kill the 
beast or the human {’iieiiiy S(‘aw()rthy 
.ships could not have b(*en made by our lore- 
bears without the jKoducts of the forest. 
The fruits of trees an* a valuable adjunct to 
the diet of man. It is sometimes assumed 


tannin, wild fruits, aiid nuts. In addition, 
l(*t us not forg(*l that wood itself is the most 
important forest product. 

Forests generally occur in the more humid 
])ortions of the earth. The tropical rain 
forests of Central and South America, 
Africa, southeast Asia, and northern Aus- 
tralia represent the most h(‘a\'ily forested 
areas of the world. So many species of 
trees find these* regions fa\X)rabie for growth 
that the resulting mixed stand discourages 
extensive forest exploitation in those warm 
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that forest products, partictdarly wood, aie 
becoming less important. This impression, 
liowey(*r, is erroneous. Oiir paper mills are 
continually making greater d(*inands tor 
wood pulp. New and novel demands for 
wood are arising which more than offset tlu* 
declining ii.se of lumber for building mat(*- 
rial and othc'r purposes. 

Forestiy may roughly be dnided into 
logging and the search for loiest products. 
The more important tr(*es for logging pur- 
poses are cedar, mahogany, teak, oak, pine, 
fir, and spruce. The more popular forest 
products arc gum, latex, cork, herbs, rosin, 


and humid lands. Poleward, where cli- 
matic c-onditions are more severe, f(*wer spe- 
cies survix*, and solid stands of the most fit 
result. This is a factor of high (’conoinic 
significance in logging and lumbering opera- 
tions. 

Mining and mineral products. The ex- 
tractive industries refer to the enterprises 
which withdraw irreplaceable natuial n*- 
sourcc's from the earth for liiiman use. 
Since many minerals are limited at or n(*ar 
the earth’s surface, local depiction is inevi- 
table. 
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Mining, quarrying, and drilling are the ti on is termed r/?i^/rn/ing. Another group of 
more common methods of gaining the de- minerals, such as petroleum, natural gas, 
sired mineral substances. Mining may be sulphur, and salt are obtained by drilling 
carried on either by surface operations or and pumping. The operations of oil wells, 
by underground workings. Iron ore is so quarries, sand and gravel pits, and clay pits 
abundant at or near the earth’s surface that all are forms of mining and all are extractive 
in many places it is obtained by steam industries. 
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Mod Kill JC'iil methods of luiiiing coal are now common Note the* clc^clrical dull being oj)erat(*d to 
make holes in the bed of coal A proinineiit bole is indicated by tbe dark spot at the h'lt of the oper- 
ator. Tlic lo[)se coal in front of tlie right wheel is caused hy inuhTciitting the seam at the base. Care- 
hilly prepared charges of esplosixe.s will lx* inserted into link's being drilled and tbe face of the coal 
seam wall he blasted so skilliully that \ery little fine coal wall be produced 

shovd operations. Coal, although exposed Th(‘ mineral resource's, the raw materials 
in many regions, is usually obtained by the upon which tbe dev elopment of most of tlie 
use of shafts and tunnels. Metallic ores, extractive industries depend, are scattered 
such as copper, gold, silver, lead, and alumi- widely ovTr the earth in spots or areas of 
num are derived by either or both of these limited extent, not in broad zones as is gener- 
methods. ally the case with agricultural resources. 

The removal of stone, clay, sand, gravel, Exploitation of miiK'ral resources therefore 

or other rock material from its natural posi- follows a pattern of irregular design char- 
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actcrized by districts of intense activity and 
c*oncentration of population separated bv 
large spacers of little activity and sjiarsfnirss 
of population. Illustralioiis of these condi- 
tions occur on every continent, as tvpicai 
examples may be namt'd the coal -mining 
district of Kuznetsk in the So\’i('t Union, 
the petroleum fields of Persia, and the cop- 
per ore producing districts of ('hih*. 

Manufacturing and repair. Manufac- 
turing refers both to enterprises in which raw 
or seinifinish<‘d materials inv converted into 
finished or more nearly finished products 
and also to tasks in which labor is appli('d 
to the construction 0/ repair of things, 
('onverting iron ore to pig iron is a form of 
manufacturing which uses natural raw mate- 
rials and lurnishes a semifinished product. 
This sc'inifii 11 she'd jiroduct, pig iron, then 
bec*omes a raw mate'rial for furtlie'r procf'sses 
of manufacture, such as the making ol cast 
iron, malleable iron, and st(*(*l. The'se* jirod- 
ucts, in turn, are the raw materials used in 
other industries whiTein the* iron or steel is 
fa.shioiu'd into shapes needed in instru- 
nu'iits, machinerv, tools, and tubes of vari- 
ous kinds. 

Manufactures arc* gencTally classified as 
“hcxiNv” and “light” tv])es. In the hc'aw 
manufactures the* ratio of skill and effort 
expended in proportion to the \o 1 ume, 
we ight, or value of the product is low. For 
instance, m the construction of a freight car, 
the amount of skill and effort applied to a 
unit of weight or volume is much less than 
in the construction of watches and clocks. 
Again, the sawing of lumber represents a 
task of less skill than does the manufacture 
of typewriters and adding machines. The 
latter activities represent light manufactur- 
ing. The distinction between heavy and 
light manufactures is a relative one. The 
terms may also be applied to industries of 
the same type, in which similar materials 
arc manufactured. In such cases weight 
of product and skill in workmanship are the 
criteria. Cotton goods, for instance, may 
be of the heavy or the light kind, the former 
term designating coarser, rougher, heavier. 
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and cheaper goods, and the latter term in- 
dicating light and more costly goods. 

Generally speaking, the labor in heavy 
manufactures is of a less specialized, less 
t(*chnical nature than it is in light manufac- 
tures This is an important factor in the 
mobility of thes(* respective industries. 
Heaxy manufacture, with its less skilled 
labor requirements, can shift more readily 
as the exigencies of a changing industrial 
xx'orld requin*. Light manufactures, on the 
other hand, tend to remain where skilled 
workmen reside. Strange as it may seem, 
the latter arc relatively immobile. 

Manufactures are also referred to in terms 
of manner of use to which th(*y are to be put 
as consumer goods and capital goods, th(* lat- 
t(‘r olten being ti*rm(*d durable goods as well. 
In the first-named category, processed food- 
stuffs are the most direct and well-known 
(*xainplcs, inc luding such it(*ms as br(*akfast 
cer(*als, canned fruits and vegetables, and 
meat-packing products varying from stc*aks 
to c*orn(*d beef. Consumer goods also in- 
clude tc'xtilcs and wc'aring apparel bc'cause 
(>l the* relatix'cly short life of such goods 
when siibjcctecl to normal use. Capital 
goods, on the other hand, include tools, 
machiuf'ry, and other ecpiipment designed 
to promote production and income. Manu- 
facturing concerns must always set aside a 
part of their income to be used in mainte- 
nance and iinprox'cmcnt of their plant. 
The term durable goods is widely used, per- 
haps in a less technical sense, to include items 
of home ecjuijnnent used principally to 
add to the comforts of living; typical ex- 
amples would be musical instruments for 
home use, radios, refrigerators, and table 
and kitchen wan*. In a stricter sense, most 
durable goods would be included under 
capital goods as well. 

The building industry. Shelter not 
only is one of the primary human needs but 
also is a conspicuous part of the geographic 
landscape. Among most primitive people 
the need for shelter is satisfied with huts of 
poles covered with straw or skins, requiring 
only a day or two to construct. As tech- 
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iiiqnes and standards have lc*d to dcMiiaiids 
for larger, more peniiaiieiit houses, hnilding 
has become a specializc*d iiidustr)' with divi- 
sion ot labor among carpenters, bricklayers, 
concrete workers, glaziers, plumbers, (*lectri- 
cians, painters, and others, whose work e\- 
t(Mjds o\(T several months in the cwistruc- 
tion ol the average residence. 

Onr modern homes ol wood or brick are 
the outgrowth ol thousands of years of de- 
v<‘l()pineiit in the Old World. Egypt and 
Bahvlonia used sun-dried bricks (jidob(‘s) 
OMT 5,(X)0 years ago, and one of the earliest 
labor complaints on record came from the 
(*nslaved Hebrews torc(‘d by tlie Egyptians 
to inak(' adobes. Today mud is still tlie 
standard building inatc'rial lor large arenas 
of the earth, siicli as dry ])ortions ot the 
Middle East and Latin America where 
the climate does not support forc'sts and 
the 1 )rick tradition is stroi i g. Bun led bricks, 
made from a mixture of clay, .sand, and 
ashes, were widely and early us(*d in the 
wood-d(’ficieiit Mediterranean lands, and 
today are much used in areas of abundant 
a)al or cheap transportation. 

Wood, the principal construction of the 
American home today, was used in the 
forested portions of Europe, first in the form 
of logs and later in the form of sawed planks. 
Tlie .settlers on the Atlantic coast of America 
brought with thc'iii thc'ir wood-using tech- 
niques and found abundant raw material in 
the eastern woodland of the New World. 
Both in Europe and the United States burned 
bricks are now much us(*d for building 
because of their greater re.si.staiicc to decay 
and fire. Most of our modern “brick” 
houses, however, are fundamentally wooden 
houses with a veneer of bricks insh'ad of 
paint. Slone has always been used to a 
certain extent, though it requires special 
skills and usually costs more than othcT 
l)uikling materials. It is ext(*nsi\'ely used 
for public display works such as tlie Wash- 
ington Monum(‘iit, the Great P)Tamid, and 
the Supreme Court building. 

The ino.st massive modem stnictures be- 
ing built today, the gn'at water-.storage 
dams, are made of concrete, a material that 
has long been employed for special uses such 


as building cellars and finishing. Steel re- 
inforcing adds to the strength of aineretc* 
structures. The moilcTii skyscraper, fac- 
tory building, or large apartment liousc has 
a Iramcwork of steel and a finish of cxmcnl 
or .stucco. Though concrete and steel arc 
essential to large modern buildings, they 
have not yet made much headway against 
the Immble traditional wood for ordinary 
residences. 

T ransportation and communication, 
Trans 2 >ortation and coinmnnieation aetiv- 
iti(‘S are the manv enterprise's which c'flc'ct 
the eoii\'c*\aiiee of goods of eomiiierec', and 
also ot man and his me.s.sage.s. Thr te rms 
should he interpret t'd broadly enough to 
include the inainte'iiancc' of the many jilanls 
which are nc'cessary for lliese opc'rations. 

Tlie nu'ans of transporlalioii and coni- 
niiinieation have ehangc'd .so gn'atly fiom 
time to time that ciinmeration is neitlicT 
f visible nor ne'c*e>sarv. Within liistorieal 
times, slaves furnishc'd the inotixe jiower lor 
crude \’e'hiele's and ships. ( lllns. A, p. 53.) 
Even now, as in parts of ('hina and Japan, 
human bt'ings are usc'd to pull or eariy 
loads — coolies wdth their rickshaws are we'lj- 
kiiovvii examples. The use of bc'asts for 
motive power marks an advance' ove'r/the 
hunian method of transportation. For this 
piiqiose lior.s(\s, asses, cattle, eamc'ls, dogs, 
llamas, elephants, and re'mdeer an' com- 
monly used. Howe^ver, the most advanced 
mc'ans of transportation utilize povvxT ob- 
tained from mineral fuels or from falling 
water. By means of steam, gas, or electric 
engine's, tours fonnerly recjuiring years and 
months of time can be c-omplelcd in days 
and hours, (lllns. B, p. 53.) 

Ihe importance of tran.sporfcition is such 
that most of our metropolitan areas would 
be rednet'd to serious shortage's in less than 
a wc'ck if the importation of foods .should 
c-ease. Rural areas would likewise he; re*- 
duced to a subsistence level if transportation 
were disc'ontiiiued. 

Trade and commerce. Trade and com- 
merce are closely related to transportation 
and communication. Wlierc the latter 
exist, agencies must be iiKstituted to bring 
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(A ) Priniitnc tiMiis[)ort.ilion, .1 cooinioii si'Jit in pails ol ("Inna wlicrc wlicclhanows 
loi ii( i^]itaii;c ol ^oocls au’ slill m use .illlioue;li aiitoinohili's may be S(“eii at llic’ s.uiu* Iiiik* 
oil a l( w ol llie loads 
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about an orderly exchange of the N arious 
products that are a\ ailable. The* exchange 
of goods — that is, buying and selling — and 
the agenci(‘S which in part render jiossible 
or encourage such activities are included 
in the expression trade and commerce. 
Among the more common institutions of 
this kind are import and export houses, 
produce exchanges, shipping agencies, 
wholesale establishments, grain exchanges, 
banks, insurance companies, and retail busi- 
nesses. 

Projessional and public services. Posi- 
tions in professional and public ser\ic‘es re- 
(juire either S])ecial training or jmblic trust. 
Scientists, engineers, educators, doctors, 
lawyers, religious workers, and administra- 
tors are the outstanding workers in th(‘S(* 
fields. Their professions are noted for the 
public leadership tliey provide, and lln^ir 
trust is a serious one. It should be a inatttT 
of jniblic concern to retain thc^m at tiu* high- 
est possible standards. 

Domestic and personal services. No 
classification of o(*cupations would be com- 
plete without mention of the di.stafl side of 
life. A poet once .said, "Man works from 
sun to sun, but woman's work is n('V(*r 
done.” It is submitti’d herewith that tlie 
work of woman has been and is of such sig- 
nificance that no writer needs to attempt to 
appraise its importance. 

Under personal ser\'ices are listed occupa- 
tions in homes, hotels, laundries, cleaning 
and dyeing institutions, and many others. 

Relationship between economic activ- 
ities and the natural environment of any 
given area. Industrialization has not ren- 
dered man independent of his environment. 
In advanced society he may not be so di- 
rectly dependent upon certain local aspects 
as is the case in the primitive state of de- 
velopment, but on the whole his interest in 
the problems arising from enxlronmental 
factors is gr(*ater. As illustrations, we may 
recall the organized exploratory search for 
new petroleum fields, new deposits of pot- 
ash, nickel, and mangane.se, and now the 
world-wide search for uranium. The iron 


and ste(*l industry centered around our 
Cheat Lakes would suffer a body blow if 
eith(‘r the iron ore or the coal should be de- 
pleted. Again, the distribution of iron on* 
over the world and its utilization are of 
great significance to the American iron and 
steel industry. Great new dev(*lo]Dment 
elsewheie might readily lead to reduced 
foreign demands and therefore nec*t.‘ssitate 
rt‘Stnction of domestic production. 

In the realm of agriculture the xital fac- 
tors of moisture, temperature, winds, sun- 
.shiiu*, and length of growing season aie 
(‘fiecti\(‘ in high degrc'e on all lands. Upon 
those* factors depend tin* possibility ol one, 
two, or thrc'c* crops |)er year, and likew'isc* 
the kinds of crop that will be produced, 
wheth(*r barley, wheat, corn, rice*, or cacao. 
Land form is lik(‘wis(* important b(‘cause 
the* us(‘ to b(' made ol the land is din'ctlv 
aflc*et(*d by it; lor (*\am|)le, farming under 
irrigation and tht* nse ol t(Traces to reduee 
eiosion and to m.iiiitain tillage agriculture. 
In all th(*se instances the factors ol the 
physical en\ ironin(‘nt an* Imiadlv dominant. 

Ne\ ertheless, the* human factor in the de- 
velopm(‘nt of indu.strial actix ities must not 
be underestimatt‘d. Man may use the re- 
.sources eoiistiuetix ely or he may alloxv them 
to remain doimant, as he has done for ag(*.s. 
•Man him.self is a potent geographical lae- 
tor, as exidt*nec*d by his clearing of fore.sts, 
leplaeing of prairies xvith fu‘]ds of grain, 
impounding of xvaters to form lakes, tuiinel- 
iiig through mountains, and changing the 
courses of streams. The ])resc*nec* of large 
cities att(*.sts the (*xtent to which man may 
alter the details of environment, there the 
details of the original natural landscape are 
masked by the streets and structures built 
by man. 

It should not be presumed that human 
adjustments in any place are perfect. Nexv 
resources or additional ones are being dis- 
coxered almost daily in some parts of the 
xvorld. As their xalues become known, ad- 
justments are set in motion whereby the 
rewards of exploitation may be secured. 
Within certain broad limits, therefore, it is 
exident that Nature must prox'ide the re- 
source's and the aniditions for exploitation 




CourtcMf [/ J> Bureau of Bn lumatton, Was/ttti^fnn, D C 

Natural landscape in ijniinij;at(‘d section of Nc\adu Note tliat there is a!)sence of any human activity. 

Scattered hnish due to low rainfall 


and its native fauna. Throngli man s ac- 
tivities, changes are brought about, siicli as 
plowing up the sod, cutting down the 
forests, planting various crops, straightening 
or deepening stream channels, constructing 
irrigation projects, and preparing grades 
for roads and railroads. In tlic'se and in 
other ways the natural landscape is changed 
in its details and rendered more adaptable 
for use by man. By these means a cultural 
landscape is created. (Ulus. pp. 55 and 
56.) 


they stand. Since for most of us these ex- 
tremes ar(‘ not commonly available, we must 
bear in mind that usually the landscape 
before us is a combination of both: the 
cultural features have been superimposed 
upon the natural in varying proportions. 
In grazing areas such as those of the south- 
west or in parts of the Great Plains the prin- 
cipal culture features are the fences, widely 
spaced houses, and a tew trails and roads. 
In farming areas man’s imprint upon the 
natural landscape is more effective: there, 


whereby man may, by intelligeiil activity, 
satisfy liis needs and desires. 

Relationship of natural landscape to 
the cultural landscape. The natural en- 
vironment in any given aiea is usuallv well 
u'flccted in the features of tlie )uiiunii land- 
scape. By that t(‘rm wc rc'fer to the land as 
it is with its various kinds of surface foims, 
its sln'iniis and lakes, its natural vegetation. 


Th(‘ tnie natural landscape can be seen 
onh wheu man has made no changes, such 
as construction of roads, fences, or houses, 
and where he has not visibly reduced or 
chaiig('d the vegetative cover. Similarly 
the cnltiiial landscape in its fullest sense 
implies complete fade-out of the features 
of the original, natural landscape and its re- 
placement by cultural features so complete 
as to hide even the fundament upon which 
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cultivated crops have replaced grass and 
forest; farmsteads are close together and 
cojineet(‘d by telephone and perhaps by 
power hues; and loads h'ad to near-by 
towns. With all thc‘sc‘ change's in dc'tail, 
the' gt'iieral topography remains virtually 
unchanged as to flat lands, hills, and \'alleys. 
Jn fh(‘ citK'S, howe\'er, man’s structural activ- 
iti('s are generally dominant. Hills have 
been r(*duc(*d, grades lessened, and stn'cts 
and buildings conceal much of the original 
landscape. 



Courtisi/ V S Biiudu of Ucclamatwii, 
W (tshiuii^ton D C 


Cullunil laiKlsciijx* clue to iriigalioii, same scc- 
tioti of Nexada as preeeclmg picture. Tiee.s at left 
were planted and aie maintained bv iingation as 
IS the alfalfa field in the foreground. 

In order to understand and appreciate the 
relationships of the cultural to th(' natural 
landscape, one must have some degree of 
mastery of the facts iinoKed, a mastery 
which can be reac'hed best through a defi- 
nite and systematic organization of the es- 
st'ntial facts. It is .suggested tlu'refore that 
the facts pertinent to the natural landscape 
be summarized rather de'finitely into six 
major groups: (1) location, (2) climate, (3) 
land forms, (4) water bodie.s, (5) land con- 
tent, or .soil and minerals, and (6) native 
flora and fauna. If each ol these topics is 
adequately treated for any area on earth, 
any intelligent person should be enabled to 
visualize tlie natural landscape of that area. 

Location. The location of any place 
under consideration is not only a basic fact 


in it.self, it is also a factor of high geographic 
importance. Regardless of whether areas 
are large or small, whatever may be true of 
their land forms, types of climate, soil and 
miiK'ral resources, native plants and ani- 
mal .s, or man's acti\'ities, location is impor- 
tant in understanding the occupations. Lo- 
cation in itself, regardless of all else, is ofU'ii 
a foremost factor in the possibilities of the 
growth of a city or in the success of a biisi- 
ne.ss. For example', it is cic'arly re'cognizc'd 
that .small towns located neai large cities 
rarely grow into iin])ortant trading centers 
b(‘cause of being overshadowe'd bv tlu'ir 
greater neighbors. E\en in matters oi f'ui- 
rent exeiits, location is always gi\en in th(' 
pre.sentation of the story in older that the' 
reader may know where the scene of action 
is laid. Such informatum is valuable in in- 
terpreting the .signilicance ol the event and 
m undcr.standmg its causes and conse- 
quences. Locatioii, therefoH', should be 
can'liilly stated in connection with every 
geogiaphic description, and in most cases it 
IS equally important m economic leports on 
business enteiprises. (Ulus, p 57 ) 

W^afer bodies. That bodies ol water are 
nnpoitant ('nviroiiinental features is evident 
to all. What small boy in a countiy district 
has not lelt tlu' spell of th(' watei hole oi 
has not experienced tlu' thrill of catching 
diminutive mc'mbers of tlu' finny tribe* which 
later, as the stories wc're r(‘-told, took on 
greater and greater proportions? 

The iiidin'C't influence of wate’i bodies 
pervades all land areas of the earth. The 
water which falls as lain must have come 
from the sea, vx^hence it rose as water vapor 
and made the* voyage from source to desti- 
nation in a gaseous state. Water bodies 
modify temperatures o\'er sea and land, in 
greatest mc'asiire, of course, along coastal 
areas, but in some dt'gree also in the very 
hearts ol the continental land mas.ses. In 
addition to the effects ol large water bodies 
upon the climate, there are important geo- 
graphic relationships to transportation and 
industry. Ocean-borne c'onimerce makes 
the whole world kin. Through it we are 
enabled to sell our goods in all parts of the 
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world and in turn to t'njoy tlie products of ational activitic's which rcpn'scnt social 

distant lands in our own scheinc of lixiiig. assets cqinling or snrji.issni^ th(’ir economic 

The influence^ of water bodies as a fc*atiirc Milues. 

of our (Mivironinent is not limited to the 

gn^at seas and oceans. The small lakes Laud contetit. Tlu‘ eontc'iit of the land 
which are pe])])ered the land in inanv should Ik* thfuight of as consisting of two 

areas, and the* lu'tworks of streams which major groups: mineral deposits and soil 



Indianapolis and siinounding towns. Railroads and in.iiii roads all « enter njion Tndhinapolis. 1’lie 
iiiHn<aK'(* of tlu' city lias precluded the growtli of towns within a considerable radius, e\ei*[)l those ol a 
suburban character. 


c()\’er the land nearly (*verywherc, are di- material. This content is responsible for 
rectly effective in ever\^ eoinmnnity. As the typt‘s of human aeti\’ities in many re- 
water .supplies, as powei resoure(*s, as drain- gions ol the world. Inasmuch as this topic 
age channels, or as transportation loiites, is fully de\ eloped in later chapters ol this 
they are of economic significance to (‘vers^ book, it needs but mention here. 
c*oinmunity. Eurthermon*, the lakes, ponds 

and .streams furnish facilities for fishing. Native vegetation. Native v(*getation 
boating, canoeing, skating, and other recre- refers to the natural plant growth wdiich 
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mantles the earth’s surface. In some places 
the native vegetation is quite simple, as in 
parts of the southern pine forests, where 
large areas are made up of only a few spe- 
cies of plants. In other places it is exceed- 
ingly complex, as in the low-latitude jungles 
and in certain sections ot the Great Plains. 
Inasmuch as most plants are practically im- 
mobile — that is, they cannot move about — 
they must depend entirely upon their im- 
mediate environment. Where a number of 
varieties are present, such species dominate 
as are best aclapted to the growth and main- 
tenance factors of that locality. These 
factors are soil, temperature, rainfall, drain- 
age, and sunlight. 

Crop plants cultivated by man arc not 
included under the term native vegetation. 
Wherever man breaks the sod, cuts the 
forest, or stirs the soil and cultivates crops, 
he creates an artificial, a cultural, landscape. 
Thus, plantations devoted to rubber, cotton, 
cacao, or coconuts, and fields planted to 
corn, wheat, tobacco, or sugar cane are not 
clothed in native vegetation, but are farmed 
areas constituting a phase of the cultural 
landscape. 

Native animal life. The native animal 
life of any region includes all of the wild 
life of the area; that is, not only the four- 
footed animals such as are ordinarily 
thought of, but also fish, birds, snakes, and 
insects. Since animals subsist upon plants 
or upon one another, the wild life of any 
region is, in large measure, a response to 
the environment. Yet the animal life is not 
quite so directly and intimately a reflection 
of the environmental conditions as is the 
plant life, because animals have the power 
to move about, some having developed this 
ability to a high degree. Birds and some 
species of fish rank foremost among those 
with exceptional abilities of migration. 
Among the land animals, the fleet-footed 
kinds, such as the antelope, the deer, and 
the rabbit, show greatest ability in moving 
swiftly and covering distances. Hence 
they can overt'ome environmental handi- 
caps by escaping adverse c*onditions at vari- 


ous times. In contrast with these species 
are others whose power to roam is limited 
to narrow confines. They can progress but 
slowly and only within restricted conditions 
of environment. Examples are found in 
the hippopotamus, characteristic of some 
of the rivers and adjacent marsh areas of 
Africa, and the alligators and crocodiles, 
which, although fully equipped with powers 
of locomotion, cannot travel great distances 
from their water habitat. Many of the 
insects have small capacities for flight. 
These are the kinds of animal life which give 
the clearest and most definite evidence re- 
garding the environmental conditions which 
pre\'ail within an area. 

The native animal life may be classified 
with respect to its relationship to man. 
Some animals are used for food, whereas 
others are valuable only for the materials 
which they furnish for clothing or shelter 
purposes. Still others have almost no value 
to man, but present a negative relationship 
in that their presence is mostly harmful. 

Climate, Climate is usually defin(*d as 
the average of weather conditions prevalent 
at any place or area, with due recognition, 
of the fact that deviations from the average 
are often of equal or even greater signif- 
icance to man. Since the weather elements 
of major importance include temperature, 
humidity, winds, precipitation, and sun- 
sliine, climate is a resume of their averages, 
and as such it is recognized as one of the 
most effective geographic factors. It is 
generally conc*eded that climate is directly 
amnected with the health, happiness, and 
well-being of man. Some climatic condi- 
tions are energizing, whereas others are 
enervating. Climate not only affects the 
health of man, but it also influences many 
of his activities, since it often virtually de- 
termines where a certain kind of domesti- 
cated plant or animal may thrive best. In 
order to comprehend the economic life of 
people in other parts of the world, one 
should know the climatic conditions under 
which they make their living. We can 
always understand better what goods pco- 
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pie produce and what they need to buy if 
we have knowledge of the climatic condi- 
tions under which they live. 

Climate and agrktdture. Agricultural 
production responds directly to climatic 
factors such as temperature, rainfall, sun- 
shine, and wind, and thus th(' crops which 
can be grown in anv particular area depend 
hirgely upon th(‘ type of climate which pre- 
vails there. Where the climate is favor- 
able, potential agricultural production may 
be high; where unfavorable, productivity 
inav b(‘ so low that agricultur(' is impossible 
unless the climatic handicap can be oxer- 
come by artificial mc^ans as, for instance, 
(wercoming aridity by irrigation. ( Ulus. p. 
56 .) 

The intimate relationship between cli- 
mate and food, shelter, and clothing is 
generally recognized, and illustrations of 
this r(‘lationship can be found exerywhen'. 
In cold lands the h()us<\s generally are 
sturdily built with thick walls, solid lonn- 
dations, and elaborate heating systems, 
whereas in warm lands such features are or- 
dinarily wanting. Tlie dxvcdlc'rs of cold 
lands clothe themselxes in hides, furs, and 
woolens, while those of xvarm lands wear 
clothes that are light and airx^ People in 
the arctic regions consume great quantities 
of fats and do so xvith evident relish, 
whereas those in the tropics lix^(' on much 
lighter diets, placing greater dependence 
upon fruits and vegetables. 

Climatic dissimilarity as one of the 
fundamental bases of trade. The signif- 
icance of climatic differenct's goes beyond 
differences in food, clothing, and shelter, 
however important these may be. That 
the people of the tropical lowlands grow 


and eat bananas and coconuts in abundance 
may intcicst us, and we may even feel envi- 
ous at times over their good fortune in this 
regard; but the real economic significance 
of these facts is that, through surplus pro- 
duction and efficient transportation, ba- 
nanas and coconuts have bca)me available 
in regions where they cannot be produced, 
and thus they hive become commodities of 
world commerce. The .same holds true for 
a great number of other agricultural prod- 
ucts. Throughout the industrial world we 
draw upon areas near and far for supplies 
to be used as fo(Hl and as raw materials for 
manufactures. Not a day passes but that 
we arc bcmeficiarics of the products of for- 
eign lands, and daily our goods are shipped 
abroad to .serx e tlu' needs of other peoples. 

Diflerences in climatic conditions are 
among the fundamental causes of differ- 
ences in production, and besides, give rise 
to xarving needs and desires. In these 
difference's lies one of the* most fundamental 
bases of trade, both intranational and in- 
ternational. For example, the farmers of 
Iowa produce a surplus of agricultural 
products, the sale of which enables them to 
purchase manufactured goods from the cast 
and citnis fruits from Florida and Cali- 
fornia. Canada produces a surplus of 
wheat, lumber, and furs and imports prod- 
ucts of more southern climates; the people 
of Central America are enabled to buy the 
products of the north if they can sell their 
.surplus of bananas, coffee, and coconuts. 
Thus, in large measure, the currents of 
trade flow in response to climatic differ- 
ences. If we desire to comprehend the 
fundamental bases of trade, we should not 
neglect to study the climatic factors in- 
volved. 
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“Everyone tat.ks ahout the 
weather but nobody does anytliing about 
it/' This oft-quoted statement by Mark 
Twain awiciscly expresses the interest 
which most of us who live in the middle 
latitudes have in the daily weather. This 
widespread interest so general as to be 
taken foi granted, is obviously diu' to the 
sudden changes which are characteristic of 
our weather and the great importance of 
those changes to our daily acti\'ities. But 
our intcTcst often is more profound than is 
indicated by the trifling remarks we make 
concerning the weather cHinditioiis of today 
and tomorrow. When planning visits to 
other states or countries, or it contemplating 
a change of residence, we are likely first to 
inquin' how cold the winters are and how 
warm the summers, whether it rains much 
or little, whether sunshine or cloudiness 
prevails. In other words, we seek to in- 
form ourselves concerning the climate of 
our new plac'c of abode. 

Weather and climate. Whereas the 
study of the weather — meteorology — deals 
with the actual atmospheric conditions 
which prevail at any given time, the study 
of climate — climatology — deals with the 
av('ragcs of known weather c’onditions char- 
acteristic of a given area, as well as with 
the frequency of significant deviations from 
those averages. Thus the climate of a lo- 
cality can be studied adequately only if 
rec'ords of its elements — such as tempera- 


ture, precipitation, winds, and so on — an* 
available for many yc'ars. Long-time ri'c- 
ords are espeeiallv necessary m the middle 
latitudes, when* not onlv the changes in the 
weather from day to day may be great, but 
where there is considt'rable Miriation from 
year to year — mild winters and severe win- 
ters, hot summers and cool summers, oc- 
curring in irregular alternation and succes- 
sion. In such regions, climate, as the a\’er- 
age weath(*r, often sc'ems at first sight to 
be a sonu'what illusory conception, and de^ 
viations from the averages may become as 
important as the* averages thems(‘lvf’s. For 
example, in subhumid and semiarid regions 
the variability of precipitation from year to 
year may climatically be* (’\’en more impor- 
tant than the a\(’rage annual total. 

In large* parts of the worlel, atmospheric 
amditions are not se) change'able, and 
the principal characteristics of the daily 
weather may be foretold fairly accurately 
by reference to the calendar. It may be 
either always warm or always cold, always 
rainy or always dry, or wet and dry seasons 
may alternate with a conside*rable measure 
of regularity. Such uniformity of daily 
weather is e*specially characteristic of th(* 
lower latitudes. Under such conditions 
the weather generally is not the absorbing 
topic of a)nversation that it is with us, and 
records covering only a few years may suf- 
fice to give a quite accurate idea of the 
climate. However, even in these areas 
conditions vary in some degree from year 
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to year. There arc likely to be differences 
in the intensity and the length of the dry 
and the rainy seasons as well as shifts in the 
bc'ginning and the end of tliese seasons. 

In order to forecast the w('ather in the 
middle latitudes with some degree of ac- 
curacy, it is necessary to ha\’e available 
basic observations on temperature, at- 
mospheric pressure, humidity, and other 
weather elements for as iiianv places as 
possible. While' formerly weather fon'cast- 
ing was of imj^ortaiice primarily to shipping 
and to agriculture, in recent decades air 
transportation has greatly increased the 
need for such basic observations, not only 
at the surface, but also aloft. In turn, the 
airplane, the pilot balloon, and the radio- 
sonde have* b('gun to furnish increasing 
quail titie's of observations at higluT lewels 
of the atmosphere* which are* indispen.sable 
for forecasting surface weather. 

The number e)f me'te'eiroleigical stations in 
the world has incre*aseel greatly, not only in 
the' midelle latitude's, but also in the tropics. 
This increase in the number e)l receirds 
available has resulted in a be'tter under- 
standing of the climate of many parts of 
the world. Density ol me'teore)log*cal net- 
weirks is, however, un('\en. The United 
State's, w’ith adjacent portions ol Canada, 
and Eureipe lia\ e the deiise’st ne'tworks. In 
])arts of South America, such as the Amazon 
region, in parts of Africa, the Ne'ar East, 
interior A.sia, and the Polar regions stations 
are widely sjiaced and records often are 
brie'f and discontinuous. Thus enir cli- 
matic information on different parts of the 
world is not equally reliable and comple'te. 

Behind the complicated difference's be- 
tw(*en weathcT and climatic conditions in 
various parts of the world lie some simple 
factors which geivern the majeir traits of 
elistributioii of heat, pressure, and airflow. 
The'se facteirs are: (1) the sphericity eif the 
e'arth, (2) the inclination of the earth’s axis 
and its parallelism during the revolution of 
the earth around the sun, and (3) the rota- 
tion of the earth. 

The major traits of the distribution of 
heat, pressure, and airflow are modified by 
such other fac'tors as frontal development, 


distribution of land and water masses, oc- 
('urrence of warm and cold ocean currents, 
and major relief features, mountain ranges 
and high plateaus, resulting in a compli- 
cated climatic pattern, which is represented 
in simplified form in the map Climatic Re- 
gions of the World, at the end of the book. 

Major Factors Affecting 
Weather and Climate 

Radiation and insolation. The sun 
.sends out into .space huge amounts of radi- 
ant enerf;^\ of which a very small fraction 
reaches tlu’ earth. Some* of this radiation 
is visible, eonstituting light. The sun radi- 
ates most of its energy within the visibk 
range, but some energy comes to us as ultra- 
violet radiation and some more as infrared. 

Insolaiion is the rate at which direct solar 
radiant energy is received on a horizontal 
surface. The in.solation received at the 
.surface of the earth depends upon the' dis- 
tance Irom the .sun, the angle of the .sun’s 
rays, the duration of insolation, and the 
amount of energy lost while the rays pass 
through the alniosphere. 

Insolation in relation to varying dis- 
tance of the earth from the sun. The 
orbit of the earth's revolution about the 
.sun is an elhpse rather than a true circle 
and therc'foix' tlu' distance of the earth 
from the sun varies during the year. In 
December the earth is about 3,000,000 miles 
nearer the sun than in June, but this differ- 
ence in distance is so slight in compari.son 
with the av erage distance of the ('arth from 
the sun (about 93,000,000 miles) that it has 
no apjDreciable effect upon the amount of 
heat received daily during the year. Thu.s 
for ordinary purposes we may neglect dif- 
ferences in distance between the earth and 
tlie sun. 

Insolation in relation to the sphericity 
of the earth. The great differences in the 
amount of insolation received annually at 
places near the equator and at places re- 
mote from it are due to the sphericity of 
the earth. A bundle of solar rays will illu- 
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minate and heat a much smaller area if it sun’s rays cross the atmosphere more and 
shines upon a surface at right angles than more obliquely, the amount of atmosphere 
if it strikes it obliquely (Ulus. A, p. 62). If traversed and the loss of radiant energy sus- 
the rays are concentrated upon a smaller tained is much greater than near the equa- 
area, the int('iisity of lighting and heating tor. Of course, the .same phenomenon can 
is of course much greater than if they are be readily obser\^ed evc'ry day. In the 
dispersed over a larger area. Tims, the early morning, when the sun stands low in 
angle at which the rays of the sun strike the the sky, the sun’s rays must traverse a great 
('arth s surface is highly significant. deal of atmosphere to reach the eye of the 

Near the equator the rays shine almost observer. At that time it is possible to look 
vertically upon the ('arth at noon, whereas into the sun. At noon, with the sun much 
in the higher latitudes the noonday rays higher in the sky, it is not safe to do so. As 
strike th(' surface obliquely ( Ulus. B, p. 62). a logical result of the foregoing facts, aver- 
Sinc(' the diameter of thi* earth is exceed- age annual tempc’ratnres on the earth gen- 



iMerenccs in leiigtli of patli throngli the almosplieie of tlu* rays of the sun, wlieii the sun is in the zenith, 

when 45" and 10" abo\e the horizon. 

ingly .small in comparison with the distance* erally decrease from the equator to the 
the rays of the sun must tra\’cl, we may, poles, 
for all intents and purposes, assume that 

the rays reaching us are parallel. During Inclination of the axis and parallelism 
the equinoxes, in March and September, the during revolution. The amount of heat 
sun s rays strike the equator at an angle of which each spot on the surface of the earth 
90°, while they strike the 35th parallel at an receives varies during the course of a year, 
angle of 55°, and the 60th parallel at an This is a direct result of the fact that the 
angle of only 30°. axis of the earth is not at right angles to the 

On their way through the atmosphere the plane of revolution but is inclined toward 
sun’s rays lose some of their energy through it at an angle of 66|°. Both the inclination 
absorption, dispersal, and reflection. The and the orientation of the axis are persist- 
farther they travel through the atmo.sphere, eiitly maintained during the entire revolu- 
the greater this loss (Illus. above). It is tion of the earth around the sun, so that in 
exident that toward the poles, where the any position of the earth in its orbit the axis 
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is parallel to all its previous and prospective 
positions. I'he North Pole of the earth 
always points toward the North Star, Pol- 
aris. This maintenance of orientation is 
called parallelism of the axis. (Ulus, be- 
low.) 

Seasons. Because of the inclination of 
the axis of the earth toward the plane of 
its orbit, the Northern and Southern hemi- 
spher(‘s are alternately the more directly e\- 
pos(‘d to the sun’s rays. On June 22 the 
position of the axis is such that the Northern 
Hemisphere is turned toward the sun. 
(Ulus. p. 65.) Thus the rays of the sun 



.strike this hcmi.sphere’s surface at relatively 
large angles, up to 90°. The high position 
of the sun in the sky makes for greater in- 
solation north of the equator, and conse- 
quently the season is warm and is termed 
summer by iiorthem people. During this 
same period the Southern Hemisphere is 
turned away from the sun and the solar rays 
strike it at comparatively smaller angles. 
As the sun stands relatively low, thi* ('llec- 
tiveness of its rays is less and temperatures 
are lower. It is the winter of the Southern 
Hemi.sphcre. 

Solstices and equinoxes. The inclina- 
tion of the earth on its axis causes seasonal 


variations in the apparent positions of the 
sun in the sky. At noon on June 22 the sun 
strikes at an angk' of 90° in the latitude ol 
23i°N. This parallel is named the Tropic 
of Cancer. Conversely, on DecembcT 22, 
the sun is vc^rtically above the parallel of 
23i°S., the Tropic of Capricorn. (Ulus. p. 
65.) These dates arc known as the soil ices 
because in connection with them are a f('w 
days in each instance when there is only 
slight change' in the daily period e)f simlighl. 
June marks the period of the .summeT se)l- 
stice in the* Northern Ilemisplu're' and e)f 
the winteT sedsticc* in the Soiithe'rn Ht*mi- 
sphere'. Dt'ct'inber, e)n the other hand, is 
the period of the winteT solstice in the 
ne)rth and of the .summer .solstice in the' 
.south. Twice' ye'arl), abeuit March 21 and 
Septeml)er 22, the .sun stands N’crtically 
e)\'(‘r the' e'f|uate)r, midway be'twce'ii the twe) 
tre)pics. We' .spe'ak of the.se dates as the' 
c(iiiim)xrs\ because days and nights are 
then ('ac'h e)f twi'Ke' hours duratie)n all o\cr 
the ('arth. Be'tween March 21 and Septe'in- 
ber 22 the sun rise's ne)rth e)f east aiiel sets 
ne)rth e)l we*.st, wlu're'as fre)m Se'ptcinber 2*1 
to March 21 the sun rises south e)f cast and 
sets .south ol west. 'Huis it is clear tliat 
enily in the area betwe*en the' twe) tre)pics 
c'an the sun appear in the /.enith At' the 
e'quate)r the sun can ne've'r be larthe*r from 
the zenith at ne)e)n than 23^ , while te)ward 
the tre)pic.s this figure gradually increases 
to 47°. 

In higher latitude's the diflerence's in the 
angles e)f the' sun's rays are* much me)re 
significant. At 50°N., for example, the' 
maximum angle above the he)rizon in June 
is 63i°, and the minimum angle in Dece*m- 
ber, 161°. By referring te) pages 63 and 
65 it will be clear that the cficcts of these 
differe'iit angles in the middle and higher 
latitudes are much greater than in the re- 
gion between the Tropic of Cancer and the 
Tropic of Capricorn. 

The effects of rotation upon heat dis- 
tribution, The rotation of the earth on its 
axis once in 24 hours gives within that pe- 
riod heat and light as well as darkness to 
most parts of its surface. The sun appears 
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to rise in the east, to travel across the sky, 
and then to set in the west. Actually, how- 
ever, the earth is turning in tlw oj^posite 
direction, from west to east. Deception in 
such matters is often experienced. Who 
has not had the .sensation oi moving while 
seated in a Pullman, only lo discover a little 
later that the train on tlu' next track was 
slowly pulling out of the station? 

The change from day tf) night causes 
minor fluctuations in temperature. Dur- 


iiights would always be of equal length. 
Since the axis is inclined at an angle of 
23i”, the re.spcctive lengths of day and 
night \ary in the course ol tlu’ y(‘ar. In the 
Northern Hemisphere in June tin* days are 
longer than the nights; in December, the 
reverse holds true (Ulus, below). 

Although near the equator the difference 
between the length of clay and night is rela- 
tively slight, toward the poles it becomes 
steadily greater until, beyond the polar 



Angles 


.it tlu’ .sun s r.U's strike tlie siirfaee on June 22 and Deeeniber 22. Note tlu* 

Tropies ol Ckineer and ('apriioin, and the Polar Circles. Also note da) and night. 


ing the day insolation ordinarily raises the 
temperature about us. At night, part of 
the lic'at accumulated during tlu* daytime 
is given off, radiated into space, and tem- 
peratures drop. These daily fluctuations 
are of considerable economic importance. 
They prevent excessi\e heating. In many 
parts of the world the nights give .some* 
respite from the heat of the daj'limc. In 
the spring, the daytime temperatures may 
be favorable for plant growth, but the* low 
temperatures of the early morning often 
bring with them the danger of frosts. 

If the earth rotated on an axis standing 
vertically to the plane of its orbit, days and 


circles, there are both a polar day and a 
polar night of increasing duration. 

Thus, difler(*nces in the length of day and 
night acct*ntuate temperature differences 
due to the seasons. With increasing lati- 
bide, summer insolation lasts a longer, and 
winter in.solation a shorter, period. 

Seasonal changes in heat distribution. 
Near the equator and approximately as far 
north and south as the Tropics of Cancer 
and Capricorn re.spectively, the noonday 
sun is always high in the sky. The sun s 
rays strike at a fairly high angle and lose 
little to the atmosphere. Besides, the days 
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are never short. Consequently, this part 
of the earth’s surface is relatively warm all 
year. The seasons are characterized not so 
much by differences in temperature as by 
fluctuations in the rainfall during the c'oursc 
of the year. Vegetative growth ne\'er en- 
tirely ceases, although in some' sc'ctions of 
this zone the occurrence of an annual dry 
season may cause most of the trees and 
shrubs to shed their leaves, thus creating a 
landscape similar in some respects to that 
of the northern winter. 

In the middle latitudes, there is a pro- 
nounced temperature contrast between the 
period during which the noon sun stands 
high and that during which it stands low in 
the sky. In these regions we have a true 
summer and a true winter. The summer 
is the growing season, tlu' winter is the sea- 
son during which the ('iitire vegetation is 
inactive for lack of sufficient heat. Near 
the poles, the temperatures are so low even 
in the warmer half of the year that veg- 
etation growth is impossibh*. These are 
the areas of perpetual ic'c and snow. 

If the axis were not inclined. Were* the 
earth's axis not inclined, there would be no 
seasons and the world would be markedly 
different from the one we inhabit. Tlie 
warm belt would be a narrow baud of ex- 
cessive heat gradually merging into cooler 
areas to the north and south. There would 
be no regions with alternating summers 
and winters. The frozen wastes about the 
poles would extend farther cquatorward 
than they do now. Days and nights would 
be of equal length everywhere. At any 
given place the daily insolation would re- 
main unchanged throughout the year. It 
is difficult to visualize such a world, one of 
unending climatic monotony in contrast 
to the stimulating diversity which is our 
present condition. 

Elements of Weather and Climate 

The elements of the weather which are 
studied separately and in combination for 
purposes of weather forecasting are: (1) 
temperature, (2) barometric pressure, (3) 


wind direction and wind velocity, (4) hu- 
midity, (5) cloudiness and sunshine, (6) 
precipitation, and there arc a few others. 

For the description, classification, and 
explanation of climatic conditions, as has 
been mentioned before, we mu.st depend 
largely upon meteorological data gathered 
primarily for purposes of weather forecast- 
ing. (Ulus. p. 67.) lnst(‘ad of using ob- 
servations for one dav or hour, average val- 
ues arc calculated on the basis of observa- 
tions which may run ov('r many years, ten, 
twenty, and preferably more than twenty- 
five years. It is clear that a treiiK'ndons 
amount of calculating is invoUed lor each 
station used.’ 

The elements of greatest interc'st for cli- 
matic study arc .somewhat diflcrcnt Iroin 
those of prime importance lo: the ‘tiidy oi 
the weather. In many cases also, the 
phases ol the elements eoncc'rned are differ- 
ent. 

For example, in the study of climate, bar- 
ometric pressure' is ol subordinate impor- 
tanct', while in meteorology, it is ol prime* 
importance'. One* reason is that men. 
plants, or animals do not seem te) be' greatly 
aliccte'd by ordinan^ dillerences in pit's- 
.sure. On the othei hand, pre'cipitatiem 
looms large as a climatic element, bi'cadst* 
of its great importance* feir agriculture and 
other activitie's ol man. While tempera- 
tures are impeirtant to both, temperatures 
of the upper atmospht're preibably are not 
quite so important in climatology as they 
are in weather forecasting. Similarly, in 
so far as humidity is concerned, vapor pres- 
sure and .specific humidity are impor- 
tant to the meteorologist, whereas relative 
humidity and evaporation are of great 
direct intc'rest to the* student of climatology. 

Temperature, air pressure and winds, and 
precipitation are discussed at this point 
because they are considered to be the most 
important elements. 

L Temperature, Temperature is the 
tenn used to express the intensity or degree 

’ Fortunately, modern punch-card methods havi* 
proved a great aid in the use of available basic 
statistics. 
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exerts. Atmosphere as a whole would be 
relatively calm if it were not for the unequal 
distribution of insolation over the c‘arth\s 
surface. This unequal heating gives rise to 
diflEercnces in pressure, which result in the 
phenomenon of wind. The winds are 
named as to the direction from which they 
blow; thus, if air moves from the north 
toward the south, it is spoken of as a north 
wind. The direction from which the winds 
blow with greatest frequency at a given 
place is called the direction of prevailing 
toinds. In ordinary accounts of wind veloc- 
ity we are likely to find it referred to in ap- 
proximate terms, such as calms; light, mod- 
erate, or strong winds; and gales or storms. 
Wind strength can be described more ac- 
curately by means of th(' Beaufort scale, 
which has 12 numerical divisions, ranging 
from 1, calm (less than 1 mile per hour), 
to 12, hurricane (over 75 miles per hour). 
Climatologically wind strength is important 
as it may have strong, direct effects on crops 
and vegetation and may greatly influence 
rates of evaporation. 

Wind direction is also an important cli- 
matological criterion. In some areas winds 
blow steadily from one prevailing direction 
during most of the year, as in some parts of 
the tropics. In still other areas, prevailing 
wind directions during summer and winter 
may be roughly ()ppo.site, as in the inon.soon 
countries. In the middle latitudes, the so- 
called areas of the “prevailing westerly 
winds,’* the most important characteristic of 
the climate in so far as wind is concerned is 
really the fact that during practically all oi 
the year the wind may come from any of the 
points of the compass. 

The general ctbculation. The average 
general distribution of air movement in the 
atmosphere is referred to as the general cir- 
culation, On the basis of the average dis- 
tribution of winds, the earth may be divided 
into a few large zones or wind belts. This 
system of wind belts is represented in 
highly schematic form on page 72. It 
must, of course, be understood that the lines 
between the belts are neither sharp, nor 
straight, nor stable. 

Since the annual insolation is greatest 


near the equator, a belt of slightly below 
average pressure (29.9 to 29.8 inches) en- 
circles the earth there; this belt is known as 
the equatorial belt of low pressure, or the 
doldrums. The term doldrums is applied 
most generally to the equatorial calms over 
the oceans, but lack of any better term seems 
to make it applicable to the correspond- 
ing belt of calms and variable winds over 
the lands as well. The belt varies in width, 
and in places may even temporarily be 
absent. Part of the belt lies slightly north 
of the equator, in Southwestern Asia. Due 


N 



Wind ros(‘ charactcTistic of the tiade winds. 
Fernando Norofiha Island, northeast of Recife, 
Brazil. 


to the persi.stent heating, ascending air 
movements are prevalent. Thus, the dol- 
drums are characterized by light, baflSing 
breezes, interspersed with prolonged calms. 

On the poleward sides of the tropics lie 
two belts where the atmospheric pressure 
remains relatively high all year through 
( from 30.0 to over 30.1 inches ) . These are 
the so-called subtropical Jughs (horse lati- 
tudes), which are most persistent over the 
oceans. Two of these high-pressure areas 
are permanent in the Northern Hemisphere: 
one in the North Atlantic, approximately at 
the latitude of the Azores, the other in the 
Nordi Pacific. The Azores High and the 
North Pacific High are strongest in summer 
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and weakest in winter. The other three 
permanent subtropical highs are located 
respectively over the southeast Pacific, the 
southern Indian Ocean, and the South At- 
lantic. In these regions, as in the doldrums, 
calms are frequent (Ulus. p. 71). 

Along the surface — ^that is, to altitudes 
from 10,000 to 30,000 feet— winds blow 
from the subtropical high-pressure belts 
toward the equatorial belt of low pressure. 
These winds, blowing from the northeast in 
the Northern Hemisphere and from the 
southeast in the southern, are called trade 
winds. Their velocities vary from inoder- 
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Wind rose charactenstic of ihc westerlies Storn- 
oway, Hebrides Island, off the cc^ast of Scotland. 

ate to brisk, and their direction, particu- 
larly over the oceans, may remain un- 
changed for weeks at a time. A typical 
wind rose^ for a trade-wind area is given 
on page 73, which shows, for an island in 
the southeast trade winds, that wind direc- 
tions are almost exclusively from southeast 
to east. In the Dominican Republic, lo- 
cated in the northeast trades, wind direc- 
tions may be largely from the northeast or 
east on the soutnern coast, even from the 
southeast. 

^ A “wind rose” is a diagrammatic representation 
of average wind directions in one place. The 
length of the arms shows the relative frequency of 
eacn main wind direction. 


At higher altitudes there is a movement of 
air from the Equatorial Low Pressure Belt 
to the horse latitudes. These arc the so- 
called antitrades, which have a strong west- 
erly component (Ulus. p. 72). Sometimes, 
when the Equatorial Low Pressure Belt is 
very narrow, weak, and even temporarily 
absent, the trade-wind .systems from both 
hemispheres may meet in the equatorial re- 
gion. A surface of discontinuity forms in 
that case, along which strong rain squalls 
may occur. This is called the equatorial, 
or intertro'fncal front. 

Poleward, beyond the subtropical highs, 
lie the belts of the “pre\uiling westerlies." 
They are best developed in the' Southern 
Hemisphere, where air movements have free 
play because of the absence^ of large land 
masses. In the northern heinisi)here, the 
presence of the North American and Eura- 
.sian continents causers many modifications 
in airflow. 

The surface winds in these belts, espe- 
cially in the northern middle latitudes, ar(‘ 
highly variable in direction and in velocity, 
and airflow is characterized by the existence 
of irregular, and often vast, whirl-like move- 
ments toward centers of low pressure and 
away from centers of high pressure. 

The name “prevailing westerlies” for 
these belts is somewhat misleading, particu- 
larly if it is shortened, as is oiten doiK*, to 
just ‘'westerlies.” As may l)e seen on the 
left, a wind rose for an island off the 
coast of Great Britain, winds from the south- 
westerly quadrant predominatt* in the 
course of a year (in North America winds 
from the northwesterly quadrant would be 
likely to prevail), but the most significant 
characteristic of these belts is that at any 
time of the year winds may come from any 
point of the compass. 

The great whirls of low and high pressure 
are called cyclones and anticyclones, re- 
spectively. Their height varies between 
two and six miles, and they have diameters 
of as much as 500 to 1,000 miles. They 
move generally from west to east, not in 
straight paths, but in curving paths, deviat- 
ing from a true west-east direction. The 
cyclones, or “lows,” are most pronounced in 
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winter, and at that time they are likely to 
move most rapidly and go farthest south- 
ward. Occasionally a ‘low” is obscrx'cd 
that makes the (*ntire circuit, from Alaska or 
the North Pacific, through Canada and the 
United States, over the North Atlantic, 
through Europe and northern Asia, and 
back again to Alaska. Usually, however, 
they weaken and disappear somewhere 
along the route. The “highs” are more slow- 
moving, and sometimes they even seem to 
be stationary for a while, thus impeding the 
freer movements of the lows. In the sum- 
mertime, the lows and highs are neither so 
pronounced as in the winter, nor do they 
move so rapidly. Tlieir paths lie, on the 
average, farther north in this season. 

The belts of the “pre^'ailing westerlies,” 
or the “cyclonic storm belts,” are really 
areas of conflict between relatively warm 
masses of air emanating from the subtropi- 
cal highs, and masses of cold air, which roll 
forward from the next belt to the north. 
Beyond 65° to 70° north or south there 
exist most of the year large masses of cold, 
polar air, which tend to ino\’e out of this 
belt as northeasterly winds in the Northern 
Hemisphere and southeasterly winds in the 
Southern Hemisphere. The masses of cold 
air, being heavier, tend to move under 
masses of warm, subtropical air coming 
from the south. Where they meet, a sur- 
face of discontinuity is formed, a well- 
marked and distinct surface of separation 
between the two air masses, which are dis- 
tinct in temperature, humidity, and other 
characteristics. This surface is the pohr 
front At the surface, cold air replaces 
warmer air. Tlie polar front usually is best 
developed in, or in association with, pro- 
nounced cyclones. A rapid advance of the 
polar front in the winter season may bring 
low temperatures far toward the subtropics. 

There is a pronounced belt of low pres- 
sure in the Southern Hemisphere between 
latitudes 60 and 70. In the Northern Hemi- 
sphere there are two areas of average below 
normal pressure near the Polar Circle, one 
in the neighborhood of the Aleutian Islands, 
the other in the vicinity of Iceland. These 
lows may be considered as incidents with- 


in the belts of the prevailing westerlies. 

While pressure over the north polar area 
tends to be above normal, there is no perma- 
nent high-pressure “cap” over the Polar Sea, 
but rather a number of individual high-pres- 
sure areas over adjacent far-northern land 
masses. In Antarctica a high-pressure 
“cap” seems to be permanent. 

The pressure and wind belts are most 
clearly developed over the oceans, and it 
is therefore easiest to estimate the part of 
the oceans over which each of the wind 
systems discussed above prevails. The 
doldrums exist ox er 9 per cent of the ocean 
surface, the trade* winds over 31 per cent, 
the subtropical high pressures over 20 per 
mit, the prex'ailing westerlies over 24 per 
cent and the polar systems over 10 per cent. 
This leaves 9 per cent over which monsoon 
currents predominate. 

Climatic importance of the general 
CIRCULATION. Tlicrc are many relationships 
betwc'cn climate and the general circula- 
tion pattern. For example, there are pro- 
nounced differences between the Equatorial 
Low Pressure area and the* adjacent trade- 
wind belts. Within the trade-wind belts 
it inak(*s a great difference whether the air 
masses strike over level land or sea, or 
whether they (^counter mountain regions. 
Ill the belts of the prexailing westerlies, 
owing to prevailing wind direction, there 
are prolound difterenc*es between east coasts, 
which have predominanc‘e of land winds, 
and west coasts, which have predominance 
of sea winds. 

As the wind belts tend to move north- 
ward and southward with the sun (there is 
a certain time lag, however), further cli- 
matic complications are introduced. For ex- 
ample, in subtropical latitudes — those be- 
tween the tropics and the middle latitudes 
— during the summer season the subtropical 
highs or trade winds may predominate, 
while during the winter the prevailing west- 
erlies may control the circulation. 

Seasonal changes in wind directions. 
Warm air is less dense than cold air; hence, 
areas of warm air are often characterized by 
lower pressures than are areas of cool air. 
In the middle latitudes, particularly in the 
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northern hemisphere where land masses 
are large, the interiors of the continents in 
summer are considerably warmer than the 
neighboring oceans. In winter they are 
considerably colder. Over the continents 
the air becomes heated in the summertime, 
strong convectional currents develop, and 
the air flows outward to the oceans at higher 
levels. Thus, average below-normal pres- 
sure is created in the interior, and air masses 
tend to flow into the continent along the 
surface from the cooler areas with higher 
pressures over the adjacent seas. During 


N 



Wind rose characteristic of the monsoon type of 
climate. Discovery — East Bank, Soutlieast of Bil- 
liton Island, between Sumatra and Borneo. 


the period of intense heating in summer, 
these winds from ocean to land are well 
developed; as autumn advances, the move- 
ment slows down until a relative equilib- 
rium is attained. Then as winter sets in 
and the air above the land is chilled more 
rapidly than the air above the ocean, the 
processes are reversed. The air pressure 
over the continental interiors becomes 
greater than over the oceans, and thus sur- 
face winds tend to blow outward from the 
continental high-pressure areas toward the 
low-pressure areas over and adjacent to 
the oceans. These seasonal wind shifts are 
known as monsoons (Ulus, above). They 


are best developed in eastern Asia (Ulus. p. 
77), but are also important in the Gulf area 
of North America and the adjacent plains. 

Humidity. Humidity is the moisture 
associated with the air in the form of an in- 
visible gas known as water vapor. It is 
one of the principal elements of climate. 
Absolute humidity is the quantity of water 
vapor present in the air, expressed in the 
number of grams per cubic centimeter, or 
the number of grains per cubic foot. Spe- 
cific humidity is the relationship between the 
weight of the water vapor in a unit weight 
of air and the weight of that air. For cli- 
matological purposes relative humidity is 
more important than either of the above. 
Relative humidity is the ratio between the 
actual quantity of water \'apor in a unit 
volume of air and the maximum amount 
that could be held in that space at the same 
temperature without condensation. 

The point of saturation, known as the 
dewpoint, is reached when any volume of 
air contains as much water vapor as can 
exist there without condensation. 

Humidity is measured by an instrument 
known as a psychrometer or a hygrometer. 
Records of humidity are usually kept as 
relative humidity in terms of percentages, as 
40, 70, 90, and so on, in each ease the satura- 
tion point being 100. The capacity for con- 
taining water vapor increases with tempera- 
ture. For this reason the relative humidity 
is often greater in cold weather than in 
warm weather, even though the absolute 
humidity, or actual weight of water vapor 
in a given volume of the air, may be less. 
Temperature and relative humidity have a 
close relationship to evaporation. The 
higher the temperature and the lower the 
relative humidity, the greater the evapora- 
tion. On dry, sunshiny summer days roads 
and fields dry up quickly after a rain, while 
in early spring or winter even small rains 
give rise to a muddy condition which may 
last a long time. 

Relative humidity is a fairly important 
climatic criterion, because of its relationship 
to evaporation, and also because high rela- 
tive humidity is sensed easily by the human 
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body. “Muggy” summer days may cause a 
greater sensation of heat than the thermom- 
eter reading would indicate, while “raw” 
winter days may feel much colder. Unfor- 
tunately, climatic data on relative humidity 
are much more scarce than those on many 
of the other climatic elements. 

4. Precipitation. It has already been 
pointed out that dew-point is the tempera- 
ture at which air is saturated with moisture. 
Since the capacity of any given volume of 
air for retaining water vapor is largely de- 
pendent upon its temperature, when warm 
air is cooled, its capacity for holding its 
moisture c*oiitent is re(luc(‘d. When dew- 
point is reached, the surplus bc'gins to con- 
dense; that is, part of the invisible water 
vapor changes into v'isible water or ice. In 
the atmospluTe the surjDlus takes on the 
form of clouds, fog, rain, snow, hail, dew, 
or frost, depending upon the conditions un- 
der which condensation takes place. 

Clouds consist of fine droplets of wittT 
or ice crystals. The droplets tend to fall 
to earth but are often kept floating by up- 
ward or transverse air currents. When 
these droplets grow in size, rain may result. 

The amount of rainfall is measured in 
inches or millimeters. The rain water may 
be caught in any open, vertical-walk'd ves- 
sel and its depth measured directly. Tlie 
standard rain gauge, however, is a cylinder 
which drains through a funnel into a lower- 
placed cylinder with a cross-section area 
one-tenth as large as the upper one. Thus, 
the lower cylinder registers one inch for 
each one-tenth inch of rainfall. In this 
manner, readings of greater accuracy are 
obtainable than through direct readings in 
the larger open vessel. Precipitation is best 
represented on maps by means of lines of 
equal precipitation, called isoJuiets. 

The cooling of the air, necessary to cause 
condensation of water vapor, may be pro- 
duced in three ways: (1) adiabatic cooling 
—that is, cooling by expansion as the moist 
air rises or is forced to rise; (2) mixing of 
warm and cold air masses; and (3) cooling 
hy contact with cold surfaces. Of these 
three, adiabatic cooling is responsible for 


most of the precipitation of the world. It 
may be brought about (1) by convectional 
currents which may give rise to convec- 
tioml rain; (2) by winds ascending moun- 
tain slopes and thus producing orographic 
rain; (3) by cold air masses wedging under- 
neath masses of moist, warm air and forcing 
them upward, or by warm, moist air being 
forced to o\'er-ride masses of cooler, heavier 
air, in either ease producing cyclonic rain. 
Th(' heavy riiius eharacteristie of the equa- 
torial belt and the summer thunderstorm 
showers of the middle latitudes are usually 
ol the conveetional type. Mixing of masses 
of warm and cold air may give rise to the 
fonnatioii of light clouds, but it usually 
results ill little precipitation, (lontact with 
cold surfaces may cause c*oiuleiisation, as 
dew, frost, or fog, but rarelv ])rc)duc(\s rain. 

World dlsikibution ok prkcij»itation. 
The tyj)e and amount of rainfall arc closely 
related to th(‘ pressure' and wind belts of 
the world, as well as to their migrations in 
the course of a year (Ulus. pp. 71, 73 and 
79). 

The total amount of precipitation during 
the year is, on the average, greatest near the 
equator. Tlie equatorial belt of low pres- 
sur(» has the heavie.st rainfall, the coin^ec- 
tional type prevailing. As this belt moves' 
northward and southward with tlu' sun, con- 
vectioiial rainfall is brought to the adjacent 
belts, where trade winds prev ail during the 
low-sun season. 

In the subtropical high-pressure areas, air 
is predominantly in downward movement. 
Thus it is wanned, rather than cooled, and 
relative humidity is low. Considerable 
land areas in the subtropics, and adjacent 
portions of the ocean, have little precipita- 
tion. In Africa the Sahara region and the 
neighboring part of the Atlantic Ocean as 
far as 30 to 35 western longitude has very 
low rainfall. A similar zone of scant pre- 
cipitation reaches from Sonora and Baja 
California in Mexico and southwestern Ari- 
zona and southern California in the United 
States to about 125° west longitude over 
the Pacific. 

In the trade-wind belts, also, precipita- 
tion tends to be low, as long as the trades 
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are strong and steady. During the high- 
sun season, however, the displacement of 
the trades by low pressures causes con- 
vectional rains. Within the trade winds 
proper, absolute humidity is not low. Tbus 
when the.se winds encounter high land 
masses, considerable orographic rain may 
result, as along the east coast of Brazil, on 
the mountainous islands of the Caribbean 
area, and in the East Indies. 

Ill the belts of the prevailing westerlies. 


western Europe, the moisture is carried far- 
ther inland and precipitation is not so heavy 
near the aiast. In the belts of the wester- 
lies, even the east coasts are fairly well 
watered, because of the moist air carried in- 
land from the oc'eans by the east and south- 
east winds which accompany the passage ol 
the cyclonic storms so characteristic of these 
wind belts. ( See map below. ) 

Precipitation as a climatic element. 
From a climatological point of view, the 
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World map of awrage annual rainfall. 


precipitation is largely of the cyclonic type. 
It tends to be greatest along the westeni, 
windward margins of the continents. 
Where the mountain ranges rise immedi- 
ately back of these west coasts, as in British 
Columbia and western United States, oro- 
graphic precipitation on the exposed slopes 
is heavy, whereas the eastern slopes are 
dry. This contrast is especially marked in 
the winter season when the eastward-mov- 
ing air masses are rapidly cooled as they 
pass over the cold mountain slopes. Where 
there are no high bordering ranges, as in 


average annual amount of precipitation and 
the seasonal distribution are most impor- 
tant Also important are intensity of rain- 
fall, variability, and presence or absence of 
snow. 

The annual amount of precipitation is 
usually stated in inches or millimeters and 
is popularly referred to as low, moderate, or 
heavy. In actual practice, we think of 
rainfall in the middle latitudes as being low 
when it is less than 20 inches per year. 
From 20 to 40 inches is moderate, and 
above 40 inches is heavy. However, these 
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figures do not hold true in areas farther 

E olcward or equatorward. In the former, 
)w temperatures prevail and evaporation 
is smaller. Thus, a small amount of pre- 
cipitation may still be sufficient to cause 
relatively humid conditions. However, in 
the tropical regions, with their higher tem- 
peratures throughout the year, rainfall of 
less than 40 inches may signify subhumid 
conditions with many xerophytic plants in 
evidence. Seasonal distribution is referred 
to with emphasis upon winter or summer 
conditions, because in many cases the dis- 
tribution of rainfall is fully as important 
as the amount. For example, the agricul- 
ture of the Mediterranean lands is based 
on crops which mature early because sum- 
mer is characterized by little rain there, 
whereas in the Corn Belt of the United 
States agriculture is organized on a basis of 
summer rains and winter drought. Where 
the frostless season is of five months’ dura-- 
tion or longer, and sunshine is abundant, 
summer rainfall is conducive to com as a 
crop, whereas summer drought prevents 
successful com production except under 
irrigation. As a consequence, the Com 
Belt of the United States extends from Ohio 
to Nebraska in the area of summer rains, 
while in Spain and Italy, where summer 
drought is characteristic, early maturing 
wheat predominates except in the humid 
north. 

The intensity of rainfall often determines 
its usefulness. For example, gentle rains 
soak into the ground and thus are much 
more effective in promoting plant growth 
than are torrential rains. The latter not 
only give rise to a lower percentage of 
soak-in, but also cause heavy run-off and 
resultant soil wash. A smaller amount of 
rain falling gently is, therefore, more effi- 
cient in furthering agricultural activity than 
is a larger rainfall of torrential type. 

Variability of rainfall is another impor- 
tant factor. In many areas the amount of 
rainfall may be twice as great one year as 
another. This is true in some parts of the 
tropics, where in one year the rainfall may 
be as high as 140 inches and the following 


year may drop to 70 or 80 inches. On a 
percentage basis, however, variability is 
greatest in many of the arid and semiarid 
areas of the world, Even our humid eastern 
United States is subject to damaging diy 
spells of unpredictable time and length 
nearly every summer. Great variability, 
especially in regions of light rainfall, gives 
rise to diflBcult problems of agricultural 
adjustment. 

Rainfall is one of the most significant ele- 
ments of climate. Water is the great sol- 
vent by moans of which plant and animal 
foods can be converted into tissues and ac- 
tive energy. Thus, where rainfall is scanty, 
the possibilities for all sorts of organic life 
are less than where rainfall is abundant. 
Vast areas of the land surface have little 
capacity for production because of insuf- 
ficient rainfall. In these desert or semi- 
desert regions, vegetation is scattered and 
is specialized to conserve every drop of 
water. Leaves are small, often wanting, 
in which ease the stems perforin the func- 
tion of the leaves. Cacti and thorny bush 
are characteristic examples of arid land 
vegetation. Crop production may be im- 
possible without irrigation. Over large 
areas, agriculture must be chiefly of th^ 
herdsman type. Fixed habitations are not 
possible in a pastoral economy; in order to 
live, animals and man must be able to move 
swiftly from place to place. It is the land 
of the fleet and the wary, the gazelle and 
the nomad. If fleetness is lacking, defense 
must be relied upon, and horny plates and 
poison fangs come into play. The horned 
toad and the Gila monster are forms of 
adaptation to the land of little water. 

Abundant rainfall coupled with high tem- 
peratures is conducive to heavy vegetation. 
Part of the Congo basin of Africa and 
the Upper Amazon Valley of Brazil are 
drenched with rain and covered with dense 
jungle. In both areas, however, vegetation 
is so luxuriant that it seems to smother 
both animal and human life. A super- 
abundance of precipitation may be a handi- 
cap almost as severe as too little rainfall. 

Comparison of rainfall and population 
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maps shows that on the whole the extensive 
dry lands of the world are sparsely peo- 
pled except in cultivated oases such as the 
Nile Valley; the bulk of the world’s pop- 
ulation lives where moderate rainfall pre- 
vails. AVherc there is little rain, dearth of 
foodstuffs is the limiting factor; where rains 
are too abundant, man is overcome by vege- 
tation and disease. (Ulus. pp. 16 and 79.) 

Summary, The climatic factors — ^tem- 
peratures, winds, humidity, and precipita- 
tion — ^have various aspects which are of im- 
portance to the study and characterization 
of climate. These aspects differ quantita- 
tively over the world. The numerous 
possible combinations lead to differences, 
of great importance to natural vegetation 
and animal life, to soils, crops, human ac- 
tivities, and general modes of living. 
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Chapter Six 


CLIMATES, VEGETATION. 
AND SOILS OF THE WORLD 


Everyone knows tfiat every place 
in the world has a climate peculiarly its 
own, different in a few or in many respects 
from that of other sections. The suburbs 
are reputed to have a better climate than 
the city, and area near the water may ha^^e 
a better climate than the adjacent hills, or 
vice versa. Southern Florida and south- 
ern California are said by advertising fold- 
ers to have perfect climates, while the cli- 
mate of the Guinea coast and other parts 
of the “deep tropics” is known, at least 
from the movies, as something inimical to 
the white man. 

The general public, however, rarely tries 
to apply a yardstick to such real and fancied 
characteristics or differences. Climatology 
attempts to do so, although students of 
climate do not entirely agree as to what 
yardsticks should be used. Some empha- 
size average values of certain climatic ele- 
ments, singly or in C'ombination; some 
emphasize deviations from the averages, 
others, relative frequencies of specific 
weather conditions, still others, prevalence 
of certain types of air masses. 

As does any other science, climatology 
measures, describes, classifies, and attempts 
to explain. All four of these go hand in 
hand, and cannot be separated. Small 
local climatic differences, such as those be- 
tween a floodplain and neighboring up- 


lands, or between the suburbs and the city, 
are the subject of microclitmtological study, 
while differences oxit larger areas are the 
subject of macroclimatologij, or climatology 
"proper.” In this chapter we shall be con- 
cerned only with the latter. 

Classification of climate. Classifications 
of climates can be based upon differcait 
criteria and also can be made for different 
purposes. For example, one might wish H) 
classify the climates of the world or of a 
c*oiitinent from the point of view of aerial 
navigation. For such a classification, the 
criteria used would necessarily be different 
from those needed to classify climates ac- 
cording to the reactions of the human body 
to atmospheric conditions. 

From the economic point of view, the 
most useful classification is perhaps one 
which emphasizes relationships between 
the climatic elements and natural vegeta- 
tion and crops. If one wishes to extend 
such a classification over the entire world, 
it is necessary to choose climatic elements 
for which values are available in sufficient 
quantities. A classification based upon fre- 
quency of types of air masses, for example, 
is not as yet possible, for lack of adequate 
data. Temperature and precipitation data 
are most readily available for most parts of 
the world, while quantitative data on wind 
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direction, wind strength, humidity, and 
evaporation are much less numerous. For 
this reason the major current climatic clas- 
sifications depend primarily upon temper- 
ature and precipitation data, used singly or 
in combination. 

One major factor aflfecting the growth of 
natural vegetation and crops is soil mois- 
ture. This is usually derived from precipi- 
tation, although sometimes it is provided 
by ground water or by irrigation. Direct 
data on soil-moisture content are still very 
scarce, and for purposes of climate classifi- 
cation it is necessary to resort to precipita- 
tion data, modifying the value of total 
annual rainfall by taking into account aver- 
age annual temperatures and distribution 
of the precipitation over the year. Thus, 
in the middle latitudes average annual pre- 
cipitation has to drop below about 20 inches 
before conditions of semiaridity are en- 
countered, whereas in the tropics semi- 
aridity may result when rainfall is less than 
35 inches. It is clear that a rainlall maxi- 
mum which occurs during the warmest part 
of the year will be less effective as a creator 
of soil moisture than will a maximum dur- 
ing the coolest part of the year. On the 
other hand, if temperatures during this 
coolest part of the year arc so low that crops 
cannot grow, then a rainfall maximum dur- 
ing the late spring and early summer, when 
most of the vegetative growth of plants 
takes place, will be more beneficial. 

Although the matter is subject to con- 
siderable debate, it appears that on the 
whole temperature distribution is more 
basic than is distribution of precipitation. 
Tropical vegetation and crops are radically 
different from vegetation and crops of the 
middle latitudes. No such sharp differ- 
ences exist between the humid and diy por- 
tions of each. 

The major climatic zones. On the basis 
of general temperature distribution and 
differences in the general circulation, we 
can recognize the following major climatic 
zones: the tropics, the two subtropical belts, 
the two belts of intermediate climates, and 
the two polar areas — seven major zones in 


all. (See World Map of Climatic Re- 
gions at end of book. ) 

The tropical climates have no frosts, ex- 
cept in a few localities at relatively high 
altitudes; in other words, as far as tempera- 
ture is concerned, they have an all-year 
growing season. The average annual tem- 
perature is above 77°F. (25°C.) and, ex- 
cept at higher altitudes, the average tem- 
perature of all months exceeds 65 ®F. 
(IS^C.). We should not associate ex- 
tremely high temperatures with this group 
of climates, because, except in desert areas, 
the thermometer rarely reaches 100°F. 
The tropics are characterized by monot- 
onously warm and often humid weather, 
with little change from day to night and 
from month to month. Excessive tempera- 
tures, such as those attained on the plains 
of the interior of the United States in the 
summer, are restricted to the arid portions 
of the tropics. In the Americas, tropical 
climates extend from Mexico and southern- 
most Florida to a line roughly from Sao 
Paulo, Brazil, to the southern tip of Para- 
guay, and from there to Antofagasta, Chile 
(see World Map of Climatic Regions). 

In the Old World the tropical climates 
extend from southern Algeria, Egypt, north- 
ern India, and northern Indo-China to the 
southern part of Africa and north-central 
Australia. 

The subtropical climates have short, mild 
winters and long growing seasons. There 
is a period of one to four months wherein 
freezing temperatures may occur, though 
the average temperature of the coldest 
month is above 43°F. (6°C.). The sum- 
mer temperatures may be fully as high as 
those of the tropical climates, but each year 
there is a short period of cooler weather 
wherein growth of plant life is arrested or 
retarded. The winters, although not se- 
vere, are sufficiently cold to break the mo- 
notony of all-year warmth and to stimulate 
human activity, thus making the subtropical 
climates desirable from the standpoint of 
comfort as well as of productivity. Dur- 
ing the winter the subtropical areas are in 
the belt of the cyclonic storms, while in the 
summer they are located in the “root” areas 
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of the trade winds. They are located im- 
mediately to the north and south of the 
tropical areas. 

The intermediate climates are those 
which prevail between the subtropical and 
the polar, often having both the heat of 
the one and the cold of the other. The 
term temperate, which originated in west- 
ern Europe, has become well established 
for these climates. However, climates such 
as are found in the interior of the United 
States or Eurasia can hardly be considered 
“temperate,” and so it seems desirable to 
discontinue the use of the word. 

The intermediate climates arc areas of 
conflict between huge masses of cold air, 
issuing from the polar regions, and masses 
of warm air from the subtropical latitudes 
(so-called “polar air” and “tropical air”). 
They have cold winters and wann to hot 
summers. They vary from areas where the 
winters are short to those where they are 
long and severe. They all, however, have 
the common characteristic of a frost-free 
and a frost-certain season. They are often 
spoken of as the middle latitude climates 
and, in the minds of most people, are as- 
sociated with great annual range in temper- 
ature and often great diurnal range. These 
are the climates of rapid weather changes, 
caused by cyclonic stonns. The most ex- 
tensive areas of intermediate climates are 
found in the northern hemisphere. In 
North America, the southern border of the 
intermediate climates lies in California and 
from there runs approximately in the neigh- 
borhood of the United States-Mexican 
border to San Antonio, and from there to 
south of Memphis and Montgomery in 
Alabama, and Wilmington in North Caro- 
lina. The northern border lies in northern 
Canada. 

In Eurasia, the intermediate climates 
reach as far south as northern Spain and 
Italy, the Balkans, Persia, and northern 
China, and as far north as the rim of the 
Polar Sea. (See World Map of Climatic 
Regions.) 

In the southern hemisphere, southern 
Chile and southern Argentina have inter- 


mediate climates, as also have Tasmania 
and New Zealand. 

The polar climates are characteristic of 
the high latitudes. They have long, se- 
vere, cold seasons and short summer pe- 
riods of mild, rather than warm, weather. 
Freezing temperatures may occur in all 
months, and the average temperature of 
the wannest month of the year is below 
SO^T. (10°C.). Tliey have no tnie forests, 
the poleward limits of tree growth being 
accepted as marking the approximate limits 
of the intermediate climates. The milder 
phases of the polar climates are found in 
the tundra regions of northern Eurasia and 
North America, whereas the ice caps of 
Greenland and Antarctica represent the 
most severe phases. The polar climates 
are unfavorable to human life; only along 
their milder margins can man live, and even 
there the struggle is disheartening. 

Effects of large water and land masses. 
As has been stated on page 67, land and 
water heat unequally. Air masses foipned 
over or moving over large water areas or 
uniform land areas gradually take on, at 
least in their lower levels, some of the char- 
acteristics of the surfaces over which they 
move. Maritime air masses, originating 
over the oceans, generally contain consider- 
able moisture and are relatively cool in 
summer and relatively mild in winter. 
Continental air masses usually contain less 
moisture, and are relatively warm in sum- 
mer and cold in winter. These effects are 
felt in the tropics and subtropics, as well as 
in the middle latitudes, but are most pro- 
nounced in the latter. 

In the middle latitudes, marine climates, 
characterized by small seasonal and daily 
temperature ranges, are found on west 
coasts, where maritime air masses predomi- 
nate over continental air masses. Summers 
are cool and winters are mild. Both the 
winter minimum and the summer maximum 
temperatures are usually delayed, February 
being the coldest month and August the 
warmest month of the year. High humid- 
ity and prevailing cloudiness are two of 
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readily tilled, and hence give rise to favor- 
able agricultural conditions. 

By ^ructure we mean the arrangement 
of the soil particles within the mass. Stud- 
ies during recent years have revealed this 
as a most important property in accounting 
for soil differences. It involves factors too 
complex for detailed treatment here, but 
in a simple way we may think of soil parti- 
cles as being arranged in thin layers or 
plates, rough cubes, small columns, irregu- 
lar granules, or as having no arrangement 
at all. The water-holding capacity of the 
soil, its adaptability to cultivation, and even 
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its productive capacity are, in most cases, 
directly related to its structure. 

The color of a soil depends upon its 
mineral and organic content. In general, 
brown and reddish soils owe their qolor to 
the presence of iron oxides, of which ordi- 
nary iron rust is the most common example. 
Dark-colored soils, approaching black, are 
usually rich in carbon, generally referred to 
as organic matter. Color in itself is not 
proof of fertility, but generally people pre- 
fer dark-colored soils because organic con- 
tent is essential to vigorous growth of most 
plant life. 

In vertical section, we usually recognize 
three more or less distinct layers commonly 
referred to as the "A," “B,” and “C” hori- 


zons. (See Ulus, left.) Near the surface, 
plant and bacterial action tend to incorpo- 
rate humus with the soil. In a period of 
time the upper layers become so changed 
that they bear but slight resemblance to the 
original materials. This highly altered zone 
is commonly termed the “A” horizon. It is 
best developed, as to quality and depth, in 
the soils of the temperate climatic belts in 
which the rainfall is moderate.^ 

Below the A horizon is usually a layer, 
termed the “B” horizon, of varying thick- 
ness wherein only partial alteration of par- 
ent material has occurred. There, how- 
ever, some properties have developed 
which differ from both the overlying and 
underlying zones. There may be differ- 
ences in texture, color, compactness, or 
content which give rise to a well-defined 
layer related to the parent material yet dif- 
fering from it and bearing similar relation- 
ships to the overlying more completely 
altered layer. The B horizon is commonly 
termed the subsoil 

Underneath the B horizon is the unal- 
tered parent material, termed the “C” hori- 
zon. In popular language, people often 
say that the subsoil extends to bedrock. 
Where the mantle rock is shallow, this may 
be true, but where it is deep, as, for ex- 
ample, on the extensive alluvial plains or on 
the loess plains of the Middle West, the 
lower portion is parent soil material rather 
than subsoil and therefore should be re- 
ferred to as the “C” horizon. 

It has been generally recognized that 
soils pass through cycles of development. 
On the basis of this observation soils may 
be referred to as young, mature, or old, 
according to the stage of development they 
may have reached. 

Young soils are incompletely developed 
and often occupy slopes, where erosion 
prevents further development, or they oc- 
cupy floodplain areas where the cycle of 
evolution is frequently interrupted by dep- 
osition of new sediments. 

Mature soils are those which, undisturbed 
bv erosion or deposition, have acquired 
cnaracteristics distinctly different from 

^ Rainfall of about 25 to 40 inches. 
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those of the underlying material. Such 
soils occur mostly on well-drained, rather 
level surfaces, on terraces, and on smooth 
to gently rolling upland areas. 

Old soils have reached a stage in their 
development in which their characteristic 
features are well expressed and exist where 
they have remained undisturbed for long 
periods of time. Young, mature, and old 
soils may exist in the same region, side by 
side, ana represent only different stages in 
the same evolutionary process. 

Major soil groups. The evolutionary 
processes are not the same in all parts of 
the world. Various schemes of classifica- 
tion have been suggested by different writ- 
ers, most of them rather complic'ated in 
order to accommodate the many types of 
soils which are known to exist. The great 
“zonal” soil groups, recognized first by 
Russian scientists, have since been studied 
in other parts of the world. The American 
system of soil classification is in essence de- 
rived from the Russian morphological clas- 
sification and is based primarily upon visi- 
ble and physical characteristics of the soils, 
with secondary attention paid to the chemi- 
cal characteristics. 

The major soil groups of the world as 
known at present are the following: 

1. Tundra soils. These soils have dark- 
brown peaty layers at the surface, over 

2 *sh horizons. Often parent material 
meath is permanently frozen. They 
occur in high latitudes, under tundra vege- 
tation. 

2. Podzols. A thin layer with poorly 
decayed organic material lies on top of a 
badly leached grayish horizon, under which 
lies a dark-brown layer, often quite con- 
solidated. This type of soil occurs in 
higher latitudes, in regions of cold and 
moist climate. The natural fertility of 
these very acid soils is low. 

3. Gray-brown podzolic soils. The 
arrangement of layers is essentially the 
same as in the podzols, but the soil is not 
so acid; the top layer is thicker and con- 
tains more humus, which is not so raw as 


in the case of the podzols. These soils 
develop under deciduous and mixed de- 
ciduous-coniferous forest, in areas of moist 
climate with a cool to cold winter. Their 
fertility is medium. 

4. Yellow and red soils. These soils 
have a rather thin layer containing organic 
materials, which rests upon a yellowish 
brown leached horizon, which in turn lies 
on a deep-red or yellowish layer. The red- 
dish soils were developed primarily under 
deciduous forest, and the yellow soils under 
coniferous forest, in areas of moist and 
warm climate of the lower middle latitudes. 
Their fertility is from medium to low. 

5. Laterttic soils. These soils have 
little organic material in the top layer, and 
what there is is well decayed. Leaching 
has affected not only the plant salts and the 
lime but has also attacked the silicates. 
The upper layers have low silica content 
but high content in aluminum and iron 
hydroxides. They are soils of humid tropi- 
cal regions. Their fertility is low. 

6. Prairie soils. These are deep, very 
dark brown soils, which get lighter colored 
at a depth of from three to fi^’e feet, where 
they grade into lighter colored parent ma- 
terial. They develop under the tail-grass 
prairies of the middle latitudes, where not 
too humid conditions prevail. These soils 
are nearly neutral in reaction, and of high 
fertility. 

7. Chernozems. These soils have a very 
dark brown, almost black top layer, which 
is from one and one-half to four feet thick, 
and is underlain by a light-colored horizon 
rich in lime, and often with whitish lime 
.streaks. They develop under tail-grass 
prairie of subhumid regions in the middle 
latitudes. Their fertility is high, but their 
productivity is often considerably reduced 
by insu£Bcient soil moisture. 

8. Chestnut and brown soils. These 
are dark-brown to brown soils, decreasing 
in thickness as the color becomes lighter. 
The dark layer is underlain by a whitish 
horizon rich in lime. These soils are tvpi- 
cal for steppe regions in the middle lati- 
tudes. Fertility is high, but productivity is 
impaired by droughts. 
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9. SlEROZEMS AND DESERT SOILS. Thcse 
soils are grayish and low in organic matter. 
A highly calcareous horizon often lies close 
under the surface. The fertility of the 
soils may be from medium to high, but in 
order to produce, irrigation is necessary. 

Soils rich in lime — that is, soils that are 
lime-accumulating in the upper horizon — 
are called pedocals, whereas soils charac- 
terized by a relatively high iron and alu- 
mina content, and which are not lime- 
accumulating as a result of leaching by soil 
water, are called pedalfers. Pedalfers usu- 
ally tend toward acidity, whereas pedocals 
give alkaline reactions. In any mature soil 
the amount of lime is directly related to the 
moisture cxinditioiis under which the soil 
has been developed. The mature soils in 
arid and semiarid areas are generally rich 
in lime, but in areas of abundant rainfall 
they are deficient. Since rainy lands usu- 
ally are forest covered, whereas subhumid 
lands are prairies and .steppes, the pedalfers 
are known also as jorest soils and the 
pedocals as grassland soils. But in .such a 
generalization we must recognize the ex- 
ception of the prairies of the United States 
which are grassland soils but are not lime- 
accumulating. 

Since lime is needed by most agricultural 
crops, its presence in the soil is a mark of 
fertility. Besides, if lime is present in 
plentiful quantities, other soluble minerals 
essential for plant growth — such as phos- 
phates, nitrates, and potash — are usually 
also available more or less abundantly. 
Such soils rank high in fertility for two rea- 
.sons: (1) the essential mineral constituents 
are present in such form and in such quanti- 
ties that they can serve as plant foods, and 
(2) the presence of such minerals is con- 
ducive to a stable soil structure, favorable 
for both tillage and plant growth. Acid 
soils, on the other hand, are weak in the 
essential plant foods named above, and 
usually their physical structure is less fa- 
vorable for tillage and for the production 
of grain crops and legumes than is that of 
the soils that are rich in lime. 


Soil conservation. In order to obtain 
the benefits of large and permanent pro- 
duction of crops, man must conserve the 
.soil. In the first place, the soil itself must 
be protected against sheet erosion, which is 
an accelerated form of normal erosion, and 
gully erosion. No greater quantity of soil 
should be allowed to erode than is normally 
replaced by soil-forming processes. In fur- 
therance of this aim, steep slopes should be 
used only for woods or pasture or, if culti- 
vated, should be carefully terraced; even 
gentle slopes should be cultivated in a 
horizontal direction, the rows following the 
slope contour instead of running up and 
down the slope; and any gullies should be 
promptly checked. 

Even when the soil is kept in place by 
such means, and in flat-lying soils not sub- 
ject to erosion, there is need for another 
type of soil conservation — ^the maintenance 
of soil fertility. Any soil, except that an- 
nually replenished by natural floods, will 
eventually decline in fertility if crops are 
removed year after year. The careful sav- 
ing and return to the soil of all animal and 
human excrement has long been the rule in 
densely settled farmlands such as those in 
China and parts of Europe. Green ma- 
nures and fertilizers are widely used in all 
countries which carry on commercial farm- 
ing. Rotation of crops may slow up the 
loss of certain elements from the soil, which 
so often results in chemical unbalance. 
Where insufiicient manure is available the 
raising of plants that extract nitrogen from 
the air (legumes) and accumulate it in 
their root system as well as the plowing 
under of green crops, help greatly to main- 
tain and improve both the fertility and 
structure of the soil. 

The application of known methods of soil 
conservation is dependent upon education 
and help for the farmer: a process that has 
made long strides in this country through 
the use of such devices as land-use planning 
in soil conservation districts. 

From the foregoing it is clear that there 
are close relationships between general cli- 
matic conditions, major natural vegetation 
formations, and the general characteristics 
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of soils. Similarly, there are close relation- 
ships between all of these and the major 
types of agricultural activity that man can 
carry on successfully, and the crops he can 
grow, even though in many regions certain 
aspects of agriculture arc due to prevailing 
economic and social conditions. 

Thus a classification of climate which 
takes into account these relationships — as 
docs the classification outlined in this chap- 
ter — offers a suitable' basis for a large-scale 
regional division of the world from the 
point of view of agricultural production. 
Areas of similar climates, natural vegeta- 
tion, and soils often have fairly similar agri- 
cultural potentialities and often have to face 
fairly similar basic physical problems. In 
many such areas present agricultural pro- 
duction — the result essentially of basic 
physical conditions plus certain economic 
and physical factors — may show points of 
marked similarity. 

It is for this reason that the discussion of 
the agricultural resources of the world 
which is contain(*d in the following chap- 
ters is based upon major climatic regions, 
rather than upon such arbitrary physical 
regions as continents or political divi- 
sions. 
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Chapter Seven 


THE REGIONS OF 
HUMID TOOPICAL CLIMATES 


The warm climates are of spe- 
cial intcTest because they are so different 
from tliose with which most of us are 
familiar. We are accustomed to marked 
temperature changes from summer to win- 
ter; the tropical climates have no such sea- 
sonal extn'ines. We an* accustomed to 
rapid changes from cold to warm or vic*e 
versa; such changes are rare in the tropical 
lands. When the bitter cold of winter 
c*omes to the middle latitudes it is alluring 
to think of a climate that is always warm. 
Nevertheless, the monotony of the continual 
warmth and dampness of the tropical rainy 
regions is anything but beneficial to man, 
whether he be* white, brown, or black. 

That man is greatly affected physically 
by his climatic environment is beyond ques- 
tion. For example, the temperature of the 
inner parts of the body is about 99°F., 
while that of the skin is 92°. Thus, the 
body loses heat to the skin, and if the out- 
side temperature is below 92 °F. the skin 
loses heat to the atmosphere. This loss of 
heat is necessary, as the body, even when at 
rest, continues to generate heat to an ap- 
proximate amount of 80 kilogram-calories 
per hour. Without loss of heat, overheat- 
ing, resulting in collapse and death, would 
follow. Normally, when outside tempera- 
tures are considerably lower than 92°, man 
loses a great deal of heat if not clothed. 


Heat is lost through the necessary warming 
of food, drink and air intake, and through 
the evaporation of water in respiration, but 
on the average as much as 80 per cent of 
the h(*at loss is through the skin, by radia- 
tion, c'onx ection, and evaporation of sweat. 

Thus it may be seen that the necessary 
heat loss takes place most easily in regions 
of cold and cool climates, and fairly easily 
in warm regions with low humidity where 
evaporation rates are high. In fact, in cold 
weather, even when man is working hard 
and thus is generating extra calories of heat, 
excessive heat loss must be prevented by 
suitable clothing. In very cold weather 
heat-generating physical activity becomes 
essential in order to prevent excessive heat 
loss, no matter how heavy the clothing is. 

In warm, moist climates it becomes more 
difficult to lose the necessary amount of 
heat, especially when much heat is gener- 
ated as a result of arduous physical activity. 
Losses through radiation are lower, and 
particularly when the relative humidity of 
the surrounding air is high, and there is 
little air movement, the losses through 
convection and evaporation of sweat are 
greatly reduced. Thus, in the humid 
tropics, even though man may be but partly 
clothed, extra body heat developed by 
muscular activity becomes disagreeable, 
and dangerous even, much sooner than in 
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areas of cool climate, as the excess often can 
be lost only through more copious perspira- 
tion. 

It does not seem strange, then, that man 
in the humid tropics is generally less ener- 
getic and displays less initiative than does 
his brother in the cooler and colder middle 
and higher latitudes. 

The humid tropical climates form a broad 
equatorial band around the earth, extend- 
ing beyond the Tropics of Cancer and 
Capricorn in some areas, and not quite 
reaching them in others. ( See World Map 


may be so pronounced that it causes general 
leaf fall and even cessation of ordinary agri- 
cultural activities. Some of the less humid 
portions of the humid tropics, especially the 
drier margins of the areas of savanna cli- 
mate, might even be classed as subhumid 
because of the long duration of the dry sea- 
son. 

On the whole, the greatest amount of 
annual rainfall occurs in the equatorial belt. 
From here it decreases both northward and 
southward. But ev^en where the rainfall 
exceeds 100 inches, most ot it ct^mes as 



of Climatic Regions, Map above, and Ulus, 
p. 79r) As to their general characteristics, 
let us at the outset dispel two commonly 
held notions: (1) that they are excessively 
hot and (2) that they are always rainy. 
Contrary to popular belief, temperatures are 
not often excessively high. Higher tem- 
peratures usually occur in the interior of the 
United States during the months of July and 
August than are ever encountered in most 

E laces near the equator. On the other 
and, there is no cold period. The place 
of summer and winter of the higher lati- 
tudes is often taken by decided wet and 
dry seasons. Sometimes the dry season 


heavy showers, often in late afternoon or at 
night, while brilliant sunshine prevails dur- 
ing most of the daytime. This is an impor- 
tant factor in accounting for the rapid 
growth of vegetation in such areas. The 
equatorial phases of the tropical climates 
are often warm and humid month after 
month, a condition that proves quite ener- 
vating, particularly to those who are accus- 
tomed to the invigorating influences in- 
duced by quick changes from warm to cool 
or cold. 

Within the belt of humid tropical cli- 
mates three major climatic types may be 
recognized, each extending over large areas, 
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These are: (1) the tropical rainy type 
(areas marked 1 on the climatic map), 
where all the months are warm and rainy 
without any pronounced dry season and 
where the daily and annual ranges of tem- 
perature are slight; (2) the tropical savanna 
type (areas marked 2 on the climatic map), 
with pronounced wet and dry seasons, 
sometimes subhumid in character and with 
somewhat greater annual temperature 
range; (3) the tropical highland type 
(areas marked 3 on the climatic map), hav- 
ing all-year warmth, with somewhat lower 
average temperatures, small annual range, 
but marked diurnal range of temperature. 

The Tropical Rainy 
Type of Climate 

(Areas marked 1 on World Map of Climatic 
Regions, and on Ulus. p. 96.) 

Tlie principal characteristic that distin- 
guishes the tropical rainy from other types 
of tropical climates is the absence of a 
pronounced dry season. In general, re- 
gions having this type of climate are lo- 
cated in tlie equatorial belt, ranging a few 
degrees north and south of the equator. 
Thcj three major regions that come under 
this classification are: (1) the East Indies 
and the adjacent portions of Asia; (2) the 
Congo Basin and Guinea coast of Africa; 
and (3) the Amazon lowland and Guiana 
coastal region of South America. All owe 
their climatic characteristics chiefly to their 
location near the equator. Here, annual 
insolation is highest, the heated, expanded, 
moisture-laden air rises, and adiabatic cool- 
ing produces heavy precipitation. 

Smaller areas with essentially the same 
type of climate occur along tropical east 
coasts where the trade winds, blowing on- 
shore from warm oceans, are forced to 
ascend mountains or plateaus causing heavy 
orographic rainfall, as in Brazil, the West 
Indies, Central America, and eastern Mada- 
gascar. In southeastern Asia, such strips 
of high orographic rainfall are caused both 
by the trade winds and the monsoonal 
winds. In numerous instances the lowlands 
up to 1,000 feet are desertlike, while the 
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higher slopes are rain drenched. This is 
notably true along the north coast of Vene- 
zuela and part of the east coast of Brazil. 

Temperature characteristics. The tem- 
peratures are not exceptionally high, averag- 
ing generally about 75® to 85®F. Monot- 
ony is the dominant feature. The differ- 
ence between the average temperatures of 
the warmest and the coolest month rarely 
exceeds 5°, and in some cases is only about 
2°F. The diurnal range is ordinarily 
greater than the annual range, but in some 
districts nights are less than 10® cooler than 
the midday periods. Temperatures above 
90® F. are not common, but on the other 
hand even the coolest nights seldom drop 
to 60®, and for long periods temperatures 
of 75® or more may prevail at night. 

Pressure and winds. The tropical rainy 
type of climate is characterized by light 
winds and calms. The middle portion of 
this belt is the area of equatorial calms, 
where the general air movement is one of 
slow ascent and surface winds therefore 
are light and variable. Squalls and thun- 
derstorms of short duration occur fre- 
quently. Tropical hurricanes are not char- 
acteristic of the all-year rainy areas; this is 
a factor of great economic significance for 
tropical commercial agriculture. 

Rainfall and humidity. Relative hu- 
midity is generally high. In many areas 
it averages 80 per cent or more, and periods 
of 90 per cent are not uncommon. The 
total annual rainfall is ordinarily in excess 
of 60 inches, and some places have 150 to 
200 inches a year. The rain comes at fairly 
regular hours during the day, mostly as 
heavy showers which last but a short time 
and are succeeded by brilliant, almost daz- 
zling, sunshine. The more prolonged rains 
occur at night, but the latter part of the 
night is not rainy, and the morning hours 
are usually clear. Even where the rainfall 
is heavy the percentage of sunshine is high; 
this combination of abundance of rain, 
much sunshine, and persistent warmth pro- 
motes the dense growth of vegetation so 
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characteristic of areas having this type of 
climate. In Singapore, as may be seen from 
Ulus, below, during practically all months 
of the year average temperatures are close 
to 80"F. This even march of temperature 
is caused partly by the fact that the city is 
almost entirely surrounded by water bodies. 



Tropical rainy climate. Average temperature 
and precipitation, Singapore. Altitude 15 feet, 
total precipitation 95 inches. 


Also, the variation in monthly rainfall 
is small. In French Guiana (see Ulus, 
right) tlie temperature march is not very 
different from that of Singapore, but the 
rainfall distribution shows distinct seasonal- 
ity. However, the dry season, in Septem- 
ber and October, is rather brief, and the 
rainfall during the largest part of the year is 
so high that the climate still is in essence a 
rainy, tropical climate. 

The outstanding features of the tropical 
rainy climate may be summarized as: winds 
gentle, temperatures warm and monotonous 
but not hot, and rainfall abundant, varying 
seasonally and from year to year but with 
most months quite rainy. Where so-called 
dry seasons occur, they are neither pro- 
longed nor severe, and some rain usually 
falls even in the driest month. The monot- 


ony of temperature and the lack of sharp 
changes becomes tiresome especially to 
the white man and the difficulty of adequate 
body heat loss during the warmest hours 
tends to reduce the desire of people — ^white, 
brown or black — to work zealously and at 
high speed. “Eternal summer” sounds de- 
lightful, but in the long nm the even tem- 
peratures of the tropics are not so pkiasant 
as the ever-changing temperatures of the 
middle latitudes. The ^'ariable weather of 
the middle latitudes is invigorating; the 
eternal summer of the tropics is enervating. 

Native plant and animal life. The cli- 
matic conditions just described quite nat- 
urally result in a luxuriant growth of vc'ge- 
tation, varving from rain forests, where the 
tree growth is so dense as to leave but little 



Tropical rainy climate. Average temperature 
and precipitation, Cayenne, French Guiana. Al- 
titude 18 feet, total precipitation 126 inches. 


opportunity for underbrush, to the tropical 
jungle, with its maze of trees, shrubs, and 
vines. In the tropical rainy regions there 
are no common periods of flowering and 
fruitage for all me vegetation, and there 
is no distinct seasonal leaf fall. Broad- 
leaved evergreens characterize the land- 
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scape. The forest assists of a mixture of 
a bewildering variety of species quite in 
contrast to the stands with one or a few 
dominant species which are typical for the 
forests of highc'r latitudes. (See Ulus, 
below.) 

Since dense vegetation dominates the 
land, much of the animal life has adapted 



Equatorial forest ^'efyetation in the Belgian 
Congo. Note dense undergrowth and the vine- 
like liaiius suspended from the branches of the 
trees. 

itself to living in the trees. The fauna in- 
cludes numerous flying or climbing types — 
such as monkeys, snakes, birds, and insects 
— ^and there are few strictly ground-dwell- 
ing species and almost no burrowers. The 
birds and insects are characterized by bril- 
liant, even gaudy, colors, among which reds, 
blues, and greens are the most common. 
The streams harbor reptiles and mammals 
as well as many species of fish. Here is 


the home of the alligator, the crocodile, and, 
in Africa, the hippopotamus. Abundance 
of vegetation ordinarily fosters abundant 
and varied animal life, but the dense jungle 
furnishes such admirable hiding places that 
an uninitiated traveler is likely to see little 
evidence of the numerous animals which 
watch him from their sheltered retreats. 
Thus th(‘ stranger in the jungle is led to 
believe that the uncanny silence in which 
he finds himself is indicative of scarc'eness 
of animal life, while as a matter of fact his 
every movement is being watched by many 
eyes. 

The soils of the rainy tropics. In the 
humid, warm tropics, where average tem- 
peratures are over 78"F., the destruction of 
humus material tends to be faster than its 
formation. Thus tropical soils are often 
short in nitrogen, especially after the de- 
struction of the forest, the main supplier of 
humus. This low content in humus sub- 
stances increases the ease with which the 
plant salts and also the silica can be re- 
moved. Owing to heavy precipitation and 
relatively high temperatures throughout the 
year, the soils are subject to continual and 
vigorous leaching. Tlie leaching processes, 
besides washing out plant nutrients, at- 
tack especially the silica of the silicate min- 
erals. If the process goes far enough, little 
may be left but an infertile mixture of alu- 
minium hydroxides and iron hydroxides, 
with a very slight admixture of humus. 
These processes of intense leaching are 
characteristic of all regions of humid tropi- 
cal climates, and they lead to the formation 
of various types of so-called lateritic soils, 
even of pure lateritc, the infertile mixture 
referred to above. While laterite probably 
ranks as the poorest soil in the world, the 
lateritic soils, in which the processes of 
leaching have not yet reached the final 
phase, also are usually deficient in many or 
all of the essential plant foods and often 
have poor physical structure. 

The color of the lateritic soils is generally 
yellowish to reddish brown in their upper 
horizon, except for a thin layer at the top 
colored dark by humus. Below this fol- 
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lows at varying depths a dark ochre-yellow 
or mottled yellow and red horizon, which is 
rich in iron and quite compact. Farther 
down follows a still harder horizon where 
the material has been cemented by silicates 
washed in from above. Usually these soils 
arc hea\’y, and they become hard and C’om- 
pact upon drying. In a few cases it is 
necessary to use dynamite in order to break 
them up for proper aeration. Great care 
must be tak(*n not to plow or otherwise stir 
them when they ar(* too wet. 

Some real laterites are found on old, 
badly leached upland areas in the rainy 
tropics, such as in parts of Borneo and Su- 
matra, in the interior of the Congo basin, 
along the Guinea coast, in parts oi the 
Amazon basin, and in the Gnianas. Fortu- 
nately, true laterites, though widely scat- 
tered, are not of large ext(mt. 

Where the lateritic soils periodically dry 
out — that is, where a pronounced dry sea- 
son occurs— the yellowish or brownish 
c'olors of the upper horizon are replaa*d 
by a bright red. Until recently this bright 
red color was considered indieati\'e of pure 
laterite (Latin, later =:= brick), but at present 
many of these soils are classified as tropical 
or lateritic red soils. Their principal area 
of distribution lies within the regions of 
tropical savanna climate. 

In general, tropical soils arc not so fertile 
as they ha\'e been dc^scribed by some 
writers, whose observations were limited 
to the young alluvial lands l)ordering the 
streams. For successful agriculture, liberal 
applications of fertilizer are desirable and 
often nect'ssary, and careful methods of 
tillage must be employed if productivity is 
to be maintained for more than three or 
four years after the clearing of the virgin 
forest. 

In the tropical rainy regions there are, 
however, two general groups of highly pro- 
ductive soils: (1) the young upland soils 
that result from the rapid weathering of 
recent lavas of low acidity, and (2) the al- 
luvial soils which have recently been built 
up along many of the stream courses, or 
which have been washed down from the 
mountains and deposited as alluvial fans. 


in some cases merging into piedmont plains. 
Java and the rainy slopes of the Hawaiian 
Islands are well-known examples of the 
former; and the eastern coast of Central 
America, the famous banana land, is an 
illustration of the latter. In both Java and 
Hawaii recent volcanics with varied mineral 
content, but of low acidity, weather so 
rapidly that agriculture is favored by un- 
ceasing liberation of soluble salts. Such 
lands produce abundantly, whereas older 
soils, similarly tilled, give small returns. 

Agrictdture. The climate, the dense 
forest, and the gen^riilly poor soils are the 
most important environmental factors iiije- 
tarding agricultural development in the 
tropical rainy regions of the world. Tropi- 
cal forest areas are difficult to clear; trees 
are large, much brush must be chopped 
out, aiicl unless constant vigilance is prac- 
ticed, the latter soon reclaims the land be- 
cause of its vigorous, incessant growth. 

Although the virgin soil may be produc- 
tive, the fertility is not such as to give large 
vields for an extended period of years, 
llie rapid decline in productivity of the 
land is due primarily to the depletion of 
the humus content of the A-horizon, the 
decline in the amount of available nitrogen, 
and the accompanying spec'ding up of the 
leaching of other plant nutrients. Often 
there is also considerable loss through soil 
erosion. In native agriculture the de cline 
is so rapid and severe that in most places 
lands are abandoned after two to seven 
years of fanning. New lands are then 
cleared and the old ones permitted to re- 
vert to brush and jungle. This semino- 
madic type of tillage agriculture, often re- 
ferred to as “milpa” agriculture after condi- 
tions existing in Yucatan, occurs over large 
areas in the tropics. In Africa particula]^ 
this system is adversely affecting soir obn- 
ditioiis and forest c'onditions in many sec- 
tions. G attlcL are absent or scarce in many 
of the tropical rainy regions, and thus ma- 
nure is not available. . The native ha kittle 
knowledge of green manures, and he usu- 
ally lacks the money to buy the consider- 
able quantities of fertilizer which would be 
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necessary to keep up the fertility of the soil, 
particularly if he procluc'es for home con- 
sumption only and not for the world mar- 
ket. Modern pedologic studies in the 
Netherlands East Indies, the Belgian Congo, 
and elsewhere have shown conclusively 
that, regardless of luxuriant stands of forest, 
most soils of tlie rainy tropics are poor 
rather than rich. Maintenance of soil fer- 
tility and increase in soil fertility are prob- 
lems which will require a great deal of sci- 
entific study, both in regard to what is 
physically and what is economically pos- 
sible. 

In the tropical rainy regions the greatest 
densities of niral population frequently 
coincide with regi ons of recent volcanic 
activity, where^TIecomposition of basic ash 
and la\'as occurs rapidly, and where these 
volcanic materials are so young that leach- 
ing has not yet succeeded in impoverishing 
the soils. This is well illustrated in Java, 
Co sta Kica, and Salvador. A still more 
striking example is the island of ^iniatra, 
where population is dense on the volcanic 
soils in some of the highland areas, and 
where on the volcanic soils of Deli lies 
one of the major areas of mod('m tropical 
plantation industry in the world. By far 
the largest part of the lowland area of 
eastern Sumatra, howev^er, is .sparsely popu- 
lated, and the soils are so poor tliat the area 
has little agricultural future. 

Among other handicaps facing tropical 
agriculture is the prevalance of plant and 
animal pests and diseases. Warm, humid 
climates with a total absence of frost are 
c*onducive not only to an abundance of in- 
sect life, but also to the development of 
fungi and all sorts of microorganisms. 
Commercial plantations of various kinds 
have been ruined because of the attack of 
some disease against which the scientist has 
proved powerless. The plantations of 
"Arabian” coflFee (Coffea Arahica) in Cey- 
lon and the Netherlands East InA'es were 
completely destroyed at the end of the 
nineteenth century by a fungus, Hemilcm 
mstatrix, and only replacement with hardy, 
but less valuable Robusta varieties saved 
the industry. The cacao plantations of 


Ecuador are threatened with destruction by 
the dreaded witch broom disease. Entire 
districts in parts of Central America have 
had to abandon banana production because 
of the ravages of the Siffitoka disease. 
Furthermore, fungi and insects quickly 
attack stored products unless precaution- 
ary measures, nearly always expensive, 
are rigorously carried out. Klany tropical 
products are highly peri.shable and must be 
marketed promptly to avoid deterioration; 
hence, long-time storage and orderly sale 
in response to market demands, such as 
characterize the marketing of grain crops 
in the middle latitudes, are impossible. 
The c'onditions favorable to insects and 
microorganisms result in a Iiigh disease rate 
among all kinds of livestock. In large parts 
of Africa the occ“urrenc‘e of the tsetse fly 
precludes the keeping of any livestock 
whatsoever (see Ulus. p. 102). JJah^xattle 
j^ich as are kept in the middle latitudes 
do not flourish in tlie rainy tropics and gen- 
erally cannot he kept economically. Cattle 
must he resistant to disease, as are the wa- 
ter buflFalo of southeastern Asia and the 
Brahma cattle of India. 

Subsistence agriculture as carried on by 
the native peoples is primitive and mostly 
of the patch farming or "milpa” type. (Sec 
Ulus. p. 103.) The general practice is to 
make a small clearing and farm it for a few 
years until the productivity falls so low that 
it must be abandoned, and then proceed to 
make a new clearing. Fortunately, under 
the stable climatic conditions, crop failures 
are not frequent. The population over most 
of the areas is relatively sparse, and the 
standards of living are low. Rice, roots, 
fruits, nuts, and game are the chief features 
(Jfhe diet. Fi sh a re generally plentiful and 
but little other meat is needed. Where the 
native population is dense, as on the 
rich delta lands of southeastern Asia 
or on the volcanic lands of the East 
Indies, subsistence agriculture is of a 
much more advanced type; agricultural 
processes are more efficiently organized. 
This is especially true in the regions 
of “sawah” or "padi” rice agriculture. 
Crop rotation may be practiced, methods of 
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tillage are better, and the use of manures 
is known. 

Commercial agriculture in the rainy 
tropics is mostly of the highly organized 
estate or plantation type. This type is a 
form of large-scale agriculture, which ne- 


corporated and the management is in the 
hands and undei the control of people and 
capital from the northern climates. (See 
Ulus. B, p. 103.) 

In recent decades native agriculture in 
many parts of the rainy tropics is turning 



Distribution of Ghssina palpalis and Glossina morsitam (tsetse flies), carriers of the germs that cause 
sleeping sickness. In areas infested by tsetse flies it is impossible to have any domestic animals on 
account of the ravages of the disease. 


cessitates heavy capital investment. for ma- more and more toward production for the 
chineiy and equij;)ment, keeps in close world market. Cacao production in many 
touch with modern scientific developments, cases is essentially a small-scale native in- 
and specializes in products for the world dustry, as in the Gold Coast and in Brazil, 
market, such as sugar, bananas, te£^ cacao,.. A considerable portion of the rubber pro- 
and rubber. Uncler the estate system of duction of British Malaya and the Nether- 
production the enterprise usually is in- lands East Indies now comes from native 
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rubber gardens. Also, the production ol 
copra from coconuts is largely a native, and 
not a plantation, industry. 

Plantation inciustiy is still most success- 
ful where scientific knowledge and skill, 
high capital investment and careful prepa- 



riwto hi/ A' A B 


(A ) Patch farming m the tiopics, near El Pato, 
southwest ol Lake Manicaiho, Vene/uela (Joni 
ia]S('(l loi hiiiiian eonsoiiijjtion Note the trop- 
ical liiinlorest in the hackgrouncl 

ration £or market are necessary, such as in 
th(‘ case of bananas, sugar, coffee, tea, and 
palm oil. 

EstMishmg the plantation. While 
practices differ with crops and districts, the 
piocedures followed in establishing agricul- 
tural plantations in tropical lands show 
much similarity. The steps taken are usu- 
ally about as follows: (1) the land is in- 
vestigated carefully as to soils, slopes, 
drainage, forest cover, and local climatic 
conditions; (2) the land selected is then 
surveyed, and the location, size, and form 
of the field units are determined; (3) farm 
headquarters are established and the neces- 
sary construction program is inaugurated to 
provide water supplies, living accommoda- 
tions for the white employees and native 
laborers, pastures for draft animals, and 
warehouses for materials and supplies; (4) 
the underbrush is cleared with machetes 
and small axes, and the slash is burned; (5) 
the large trees are felled, and some of the 


logs are used for timber while others are 
left where they fall; (6) roads are built to 
serve the individual farm units, and often 
tramways are extended into the fields to be 
used in hauling out the harvested products; 
(7) in some cases drainage ditches must be 
constructed, in others, ditches for irrigation, 
and in still other instances both drainage 
and irrigation must be provided to take care 
of heavy floods during wet seasons and 
droughts during dry seasons, either of 
which may prove disastrous to the growing 
crops. 

The most efficient use of the lands of the 



Courtesy United Fruit Co. 


( B. ) Spraying the trees against disease on a modern 
banana plantation. 

humid tropics involves scientific practices 
of a high order. In addition to the steps 
outlined, it usually is necessary for the 
plantation owners to provide medical and 
hospital services, school facilities, and rec- 
reation centers. Economic welfare is de- 
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pendent upon the rnainteiiance of a ct)Tn- 
munity wherein the white officials and the 
native labor are healthy, energetic, and 
cheerful. Facilities to promote such re- 
sults involve expense, but general experi- 
ence indicates that the outlays are ec‘onom- 
ically as well as humanely sound. 

The Tropical Savanna 
Type of Climate 

(Areas marked 2 on World Map of Climatic 
Regions, and on Ulus. p. f)6. ) 

The tn)pical savanna type of climate has 
a long rainy season and a short but pro- 
nounced dry season. This distinctly sea- 
sonal distribution of raiidall is the chief 
difference between the sa\^anna and the 
tropical rainy type, although the savanna 
also usually has a smaller total amount of 
precipitation. A difference of lesser conse- 
quence is the slightly greater seasonal tem- 
perature range resulting from the higher 
latitudes of the savanna areas. Toward the 
out(T margins the dry season may become 
so long and pronounc'ed that the climate is 
distinctly siibhumid. 

The map of Clima((‘s of the World, at 
the end of book shows that the tropical 
savanna climate is probably more extensive 
than any other. On the whole, it occurs 
north and south of the tropical rainy areas, 
extending ten or more degrees of latitude 
beyond them on either side, thus marking 
the first stage in the gradual transition from 
rainy to diy. The principal areas where it 
is well developed are the southern Sudan 
of Africa, parts of India and Siam, northern 
Australia, the Brazilian campos, the Orinoex) 
Basin, the west coast of Central America, 
and southern Mexico including much of 
Yucatan. It will be noted that in the west- 
ern hemisphere the areas of seasonal rainy 
climates occur mostly along the west coast 
and in the interior, and that much of the 
east coast has the all-year rainy type. 

Winds, The tropical savanna type of 
climate extends far enough north and south 
of the equatorial zone to include large por- 
tions of the trade-wind belts. As already 


mentioned (page 64), the sun’s rays strike 
the earth at constantly changing angles. 
The noonday sun is overhead at the Tropic 
of Capricorn on December 22, at the equa- 
tor on March 21, at the Tropic of Cancer 
on June 21, and again at the equator about 
Septeinb(T 22. Thus, in the wurse of a 
year, all places on the globe have at least 
one high-sun period and one low-sun pe- 
riod; n(*ar the (»qnator there are two of 
each, although the diffen'iice between the 
high- and low-sun positions is not great. At 
distances of 10° or mon* from the equator, 
these periods are well marked, and of 
course insolation is relatively gr(*at during 
the high-sun period and appreciably less 
during the low-sun period. As the sun’s 
position moves northward and southward, 
pressure and wind belts follow suit. Al- 
though this shift is not great in the tropical 
savanna regions, which are located rela- 
tiv^ely clos(' to the equator, it is sufficient 
to bring about a slight seasonal rhythm in 
tempei ature and a much more pronounced 
rhythm in rainfall. During the high-sun 
period, when the noonday sun stands prac- 
tically overhead, insolation is^at its maxi- 
mum. The heatc'd air expands and rises, 
and surface winds art' weak and irregular 
as the trade winds recede poleward. This 
is the rainy season. During the low-sun 
or “winter” period the trade winds re- 
assert themselves. Since they blow toward 
warmer regions, they give little or no rain 
exc*ept where intercepted by mountains. 
The low-sun period is therefore the season 
of drought. 

Temperature, Temperatures in tropical 
savannas average above 65°F., as in the 
tropical rainy regions, but the seasonal 
range is somewhat greater. As a rule, the 
highest temperatures immediately precede 
the period of maximum rainfall. In the 
Sudan the hottest months are April and 
May. In June, when the rains are quite 
t*opious, temperatures drop. In Bengal, 
rains are welcomed because they are ac- 
companied by lower temperatures and thus 
bring relief from the excessive heat of the 
preceding weeks. 
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Rainfall, The rainfall, although abuii- a more monotonous regime of rainfall, 
dant, is not excessive. The annual prec'ipi- Storage of food for people and feed for 
tation in most savanna areas is between 30 animals is necessary because the dry season 
apd 60 inches. Marked seasonal c'oneen- is one of low productivity and resulting 
trdtion is the most prominent characteristic scarcity. The population cannot lead the 
of the rainfall. While the record of Cu- hand-to-mouth existence that is typical of 
yaba, Brazil (see Ulus, below), shows a so many of the inhabitants of the rainy 
somewhat more irregular march of tempera- tropics. 

ture than do the records of Singapore and On the whole, because of the range of 
French Guiana, the greatest difference lies temperature and humidity, the regions of 
in the smaller rainfall total and in the ex- the tropical savannas escape the extreme 
istence and duration of a dry “winter” sea- monotony so charach'ristic of the tropical 

rainy belt, and the climate is therefore 
somc'what more conducive to physical and 
mental activity. 

Tropical cyclones — storms to be feared. 
Parts of the savanna areas are visited by 
tropical cyclone's, which originate over the 
seas but which sometimes cause* great havoc 
on adjacent land anias. Tfu'se storms de- 
velop at sea in latitudes 10° to 20° north 
and south of the equator and thence follow 
roughly seinielliptical paths, first westward, 
then poleward and ('ustward. They are 
known in diflerent sc'ctions by different 
terms. The term hurricane is restricted 
to the West Indies, the western South Pa- 
cific, and Australia. In the northwestern 
Pacific Ocean and the C'hina Sea, storms of 
this type are called typhoons; in the Indian 
Ocean, cyclones. 

While the atmospheric disturbance cre- 
ated by the tropical cyclones may extend 
Savanna climate. temperature and over larp areas, the rc'ally dangerous and 

prt'tipitation, Ciiyaba, soiitli-ceiilral Brazil. Al- destructive center generally has a diam- 

Utude 495 total prtxipitati(.n 55 inches. pjpj of than 200 miles. Tropical 

cyclones usually lose their violent energy 
son. The length of the rainy season varies soon after striking continental land masses, 
in different sections of the tropical savannas and therefore they generally bring heavy 
from eight to less than five months. The downpours rather than high winds to in- 
dry season is comparatively brief near the terior points. On the islands and along 
equator, ‘ increasing in duration poleward, the coasts the destructive effects upon crops 
During the rainy season, roads and trails and buildings are often appalling. Wind 
are muddy, in places almost impassable, velocities exceeding 100 miles an hour are 
During the latter part of the dry season frequently experienced; with such winds, 
the CTound and air are parched and dusty, crops are ruined, trees uprooted, and build- 
wooden and leather objects shrink, and lips ings blown down. This hazard is one of 
crack. These pronounced seasonal changes the most serious handicaps to agriculture 
involve greater efforts at adjustment on within tlie areas subject to these tropical 
the part of man than are necessary under storms. 
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Native vegetation. The native vegeta- 
tion in regions of tropical savanna varies 
from deciduous forest to grass. The most 
widespread type is the savanna — a grass- 
land mantled with tall, coarse grasses, and 
dotted with clumps of deciduous trees. In 
some areas, the trees occupy such a large 
percentage of the uplands that grass is not 
abundant; elsewhere, only scattered trees or 
clumps of trees break the monotony of the 
grassy plain, while along the courses ol 


Native fauna. Since tropical savannas 
have an abundance of trees and grass, of 
water and sunshine, of herbs, roots, nuts, 
and fruits, it follows naturally that animal 
life also should be abundant. Within these 
regions are the lands of big game in Africa 
and similar areas of varied wild life in 
South and Central America. In its more 
humid phases this type of climates in Africa 
harbors the eleplunit, hippopotaimis^bi- 
noceros, ancT zebra, while the giraffe, wart- 


'it: 




Photo by NAB. 

Short-grass savannas in northern Maracaibo Basin, Venezuela. Scattered deciduou-s trees on slopelands 


major streams there may be dense jungle. 
( See Ulus, above. ) This is the type of land- 
scape that exists over large areas in the 
southern Sudan and that forms the so-called 
Campo Cerrado of Brazil. The marked dry 
season causes general leaf fall and cessation 
of growth on the part of all broad-leaved 
trees. Since there is somewhat greater simi- 
larity of conditions and of products to those 
of the higher latitudes, these climatic re- 
gions do not furnish such a large variety of 
products for the American and European 
trade as are furnished by the tropical rainy 
regions. 


hog, and other animals that arc fleet of foot 
inhabit the drier sections. In the jungle 
areas within the savannas are found the 
tiger and cougar, while in the tail-grass 
savanna the lion is the king of beasts. In 
general, the animals of the well-wooded 
and tail-grass savannas are large and well 
fed. The numerous varieties include ar- 
boreal, aquatic, and ground types, not any 
one of them strongly predominant. On the 
whole, they are less arboreal than those of 
the jungle and rain forest, and also less 
fleet-footed than those of the dry savan- 
nas. They include species larger and 
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stronger than their neighbors of either 
the humid or the semiarid bordering re- 
gions. 

Soils. The tropical savanna soils are 
yellow or reddish, usually more dec'ply 
colored than those of the tropical for(\st 
lands. These soils arc subjected to an 
annual season of desiccation such as the 
rainy tropics lack. The tropical red and 
yellow soils belong to the group of lateritic 
soils, and as such they arc weak in humus 
and soluble mineral plant foods. Since 
they have developed in regions where rain- 
fall is not so heavy, the savanna soils are 
not so thoroughly leached as the soils ol 
the rainy tropics, and they have a some- 
what better physical structure and a less 
compact subsoil. After tlu‘ land is cleared, 
the soils are ordinarily quite productive for 
a few years, but thev quickly deteriorate 
unless manure or fertilizers are applied. 

Since the tropical savannas constitute a 
transition zone from humid to semiarid 
lands, there is a similar transition in .soil 
characteristics. The .soils of the rainv 
equatorward areas are lateritic; they arc‘ 
more thoroughly leached than the soils of 
the drier and somewhat cooIct areas that 
lie farther from the rainy belt. Since the 
latter are subject to less leaching, the con- 
tent of .soluble salts is high(*r, the color 
tends more toward gray than red, and the 
subsoil is more friable. In general, the 
soils of the drier parts of the .savanna are 
more fertile than are those of the rainier 
areas, and they are more* easily tilled. As 
elsewhere, the alluvial lands along .streams 
or along mountain fronts are generally fer- 
tile because their soils are the result of 
deposition of the richest detritus washed 
down from higher, weathered slopes. 

Agriculture. The sayanna climate is 
favorable for agriculture. Its capacity to 
sustain population is well shown in India 
and parts of Africa. Population maps re- 
veal extensive areas of moderate to dense 
population where this climate prevails, in 
contrast to the few areas of density in the 
rainy equatorial belt. Although the areas 
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of dense population within this climatic 
type in southeastern Asia are not entirely 
comparable with similar areas in Africa and 
South America, they do indicate some in- 
teresting possibilities for these latter regions 
when pressure of the rapidly increasing 
world population may provide sufficient in- 
centive to overcome the natural drawbacks 
of the savanna. 

Areas of this type of climate have a num- 
ber of distinct advantages. Tlie dry season 
giv^es man more energy than does a con- 
tinuously humid climate. Clearing the 
land is easier, since the forest stand, if any, 
is less dense. The young trees, the dead 
gra.ss, and the sla.sh from clearing bush and 
trees can easily be burned during the dry 
.sea.son, and the ground can be plowed and 
planted at the beginning of the wet sea.son. 
Some types of grasses and grains can be 
produc'd advantageously. The rainy sea- 
.son is the growing season. The dry sea.son 
is harvest time, when the dry air favors 
complete ripening and hardening of the 
grain, thus rendering the stored products 
less .subjc'ct to attack by fungi or insects. 
The grains typical of these regions are 
many kinds of sorghum and millet, corn, 
and, where irrigation is possible, rice. 
Sugar cane is a staple crop for local sugar 
production, and in some plac*es cane sugar 
takes high rank as an export commodity as 
well. Cotton is grown for local clothing 
material, and its cultivation has impor- 
tant c'ommercial possibilities. The inedible 
character of much of the wild grass, and, 
in Africa, the tsetse fly, have hampered 
cattle-raising. On the whole, the savanna 
lands have a better developed agriculture 
than the rainy tropics, particularly the agri- 
culture of the farmer type in contrast to the 
plantation system so important in the all- 
year wet and warm regions. 

The Tropical Highland 
Type of Climate 

(Areas marked 3 on World Map of Climatic 
Regions and on Ulus. p. 96. ) 

The tropical hi^lands differ from the 
lowlands in having lower average annual 
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temperatures and greater daily range of 
temperature. Because of the small number 
of stations with long weather records lo- 
cated within the tropical highlands, the re- 
gions as shown on the map at end of book 
have been delineated on the two-fold bases 
of available climatological data and eleva- 
tion above sea ]cvv\. The areas of tropical 
highland type of climate lie mostly at alti- 
tudes between 2,000 and 6,000 feet above 
sea level, but there are some notable excep- 
tions where greater heights are reached, as 
in Ethiopia and southern Mexico. 

The largest area is in Africa, extending 
from Lake Victoria southward and west- 
ward across the headwater districts of the 
Congo and Zambesi rivcTs; smaller areas in- 
clude Ethiopia and the highlands of south- 
ern Afnca and of Madagascar. Important 
areas outside of Africa occur in .southern 
Arabia, southern Brazil, and southern Mex- 
ico ( see World Map of Climatic Regions at 
end of book). 

Essential characteristics. Cooler tem- 
perature in comparison with the adjacent 
lowlands is the outstanding feature of the 
tropical highland type of climate. Tlie 
average annual temperatures vary from 
about 65° to 72°F., and the difference be- 
tween the mean temjx'ratures of the warm- 
est and coldest months of the year is a)m- 
monly less than 10°. The warme.st months 
are of course associated with the high-sun 
seasons, the temperatures then averaging 
from 68° to 78°F. The coldest months 
occur during the low-sun pcTiods, with 
averages from 45° to 65°F. (Ulus, right, 
representative of the tropical highland cli- 
mate of Brazil). The difference between 
daytime and night temperatures is fairly 
pronounced. Warm to hot days and clear, 
cool nights are typical; frosts are rare but 
may occur at the highest altitudes. 

Rainfall is usually ample but varies greatly 
in different regions, some regions having 
only about 30 inches per year whereas cer- 
tain others receive up to 80 inches and 
more; 40 to 60 inches can be considered a 
fair average. Periodicity of rainfall is pro- 
nounced everywhere. The rainy season 


occurs during the high-sun period of the 
year, the dry season during the low-sun 
period. For areas south of the equator, 
July is usually the driest month, while the 
rainy season lasts from October to April, 
the rainie.st month occurring within that 
period but varying locally. North of the 
equator opposite conditions prevail. 

The trades are the dominant winds, and 
they serve the doubly useful purpose of 
bringing in moisture and rendering living 
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Tropical highland climate. Average tempera- 
ture and precipitation, Bello Horizonte, north of 
Rio de Janeiro, Brazil. Altitude 2,571 feet, total 
precipitation 59 inches. 


c*onditions more pleasant through their 
steady breezes. On the whole, climatic 
conditions are quite favorable for human 
activities, a fact attested by the progressive 
people who inhabit the highlands of eastern 
Brazil and southern Mexico. 


Native flora. The native vegetation var- 
ies from forest to short grass and scrubby 
bush, chiefly in accordance with differences 
in rainfall. The rainfall, although fairly 
heavy, is not sufficiently well distributed to 
support dense forest except in some fa- 
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vored localities. In general, scattered tre*c 
growth, low, thoniy scrub, and grass pre- 
vail, as for example in Africa east and south 
of Lake Victoria. In Angola and northern 
Rhodesia there are open forests with trees 
thirty or more feet high, yet not demse 
enough to suppress a grass c*()ver. Some 
kinds of trees form nearly pure stands, but 
usually the trunks ar(» crooked and twisted. 
In other regions there are areas where tree 
growth is so sparse that the problem of ob- 
taining wood for cooking purposes is a 
handicap to sc'ttlement. The high slopes 
are usually forested, and the higher parts 
of the plateaus are favored with a grass 
cover wherever the tree stand is fairly open, 
as on the Abyssinian Plateau and the moun- 
tain slopelands above the Valley of Mexico. 

The growth of grass, trees, and shrubs 
bespeaks the prevalent fertility of the soil of 
these areas. This growth is due in no small 
measure to the moderate amount of rainfall 
and to its seasonal distribution, both factors 
tending to conserve the soil and its .soluble 
elements. 

Soils, The upland soils of the tropical 
highlands are partly red and yellow soils 
similar to those of the rainier sections of 
the savanna lands; others have some char- 
acteristics similar to those of the black soils 
of temperate lands, especially where rain- 
fall is low and a grass vegetation prevails. 
This dark soil is usually very fertile. 

As the altitudes are greater, valleys have 
been eroded deeply in most areas, and the 
topography is much mora rugged than that 
of lower lands. As a result of the more 
active erosion, the soils are younger and 
are more directly related to the bedrock 
from which they were derived. Fully de- 
veloped, mature soils are not common in 
rugged uplands, and thus the lateritic char- 
acteristics are not so pronounced. 

Many of the soils of the tropical high- 
lands are derived from igneous rocks. The 
mineral salts are released by weathering 
under warm and humid conditions. Where 
the bedrock consists of basic rocks, such as 
lavas and intrusives, the resulting soil is 
reddish in color and relatively fertile. Soils 


dex'cloped from acidic rocks are usually 
l(‘ss richly colored and not so productive. 
It is a noteworthy fact that the most exten- 
sive and successful coffee plantations sup- 
plying most of the worlds commercial 
c’offee arc located on the reddish soils of 
tropical highlands as in Brazil. 

On the whole, the soils of the tropical 
highlands resemble those of the savannas 
but are generally less leached, more readily 
tilled, and more productive. The applica- 
tion of commercial fertilizers is necessary 
except where active weathering furnishes 
the soluble minerals essential for plant 
growth. 

Agriculture and white settlement. The 
tropical highlands are, on the whole, rather 
pleasant places in which to live. Tempera- 
tures are moderate* and characterized by a 
diurnal rhythm which does much to relieve 
the monotony of small seasonal changes. 
Nights are usually cool enough to be in- 
\1gorating. The winds are just strong 
enough to give a desirable freshness to the 
atmos])here. The rainfall, commonly 30 
to 60 inch(*s p(*r year, is sufficient for abun- 
dant plant growth, and its sea.sonal distri- 
bution is c'ondiicivc* to well-defined periods 
of tilling the land and harve.sting the crops. 

Both grain and cattle production are ac- 
tively carried on in many areas, and further 
(\xpansion s(‘ems assured. Corn is quite 
generally grown, sorghums and millets are 
important in Africa, and the production of 
wheat and l)arley is common. The cattle 
industry on the highlands of Africa and 
Brazil has met with conspicuous success, 
although .some places are so remote from 
markets that only the hides have commer- 
cial value. Thus, agriculture resembles 
that of the middle latitudes because of the 
altitude of the tropical highlands. As a 
result, these areas are perhaps the best 
“white man s lands” in the warm zone, but 
they are handicapped economically by poor 
transportation. The one outstanding ex- 
ception to this general statement is coffee 
production, and for this reason the tropical 
highlands are sometimes spoken of as the 
world’s coffee lands. 
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Chapter Eight 


AGRICULTURAL PRODUCTS OF 
THE HUMID TROPICAL REGIONS 


For \fANY CENIUHIES J’HE HUMID 

tropical n^gions were ot importance to the 
western world as sources of luxury articles, 
among which spices ranked high. When 
ships were small and traffic on land and sea 
was slow and hazardous, only products of 
small bulk, high value, and excellent keep- 
ing quality could stand the high c*ost of 
transportation and the long delays. 

Modern large-scale commercial agricul- 
ture in the humid tropics became possible 
during the past century when steamships 
developed for ocean traffic. Now these 
regions .supply many vital raw materials 
and foodstufis to the industrialized regions 
of the temperate zones. In turn, the tropi- 
cal lands depend largely upon the middle 
latitudes for the products' of modem indus- 
try. Tropical countries are at present pre- 
dominantly agrarian in character. The 
retarded industrial development in some 
cases is due to insufficient power and me- 
tallic resources, in some to insufficient tech- 
nical knowledge, while in others it may be 
attributed to political dependence upon 
highly industrialized mother countries. In 
many parts of the tropics industries such as 
the manufacture of sugar in Java and Cuba 
are associated primarily with the products 
of the soil. However, in some parts of the 
humid tropics modern industry is begin- 
ning to attain considerable importance. In 
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India the Bombay and Madras districts 
have become major textile-manufacturing 
centers, and the iron and steel industry of 
the Bihar-Bengal region is rapidly growing 
in importance. Brazil is building up im- 
portant industries in the* state of Sao Paulo 
and the Bio de Janeiro region, especially 
the cotton textile industry. It can be ex- 
pected that in the futun' oth(*r modern in- 
dustrial regions will develop, especially 
where water or other power and raw mate- 
rials are available, and where suitable 
labor can be found, thus lessening the de- 
pendence of the humid tropics upon agri- 
culture. 

Among the many products of the tropical 
regions, bananas, cacao, coc'onuts, and rub- 
ber are typical for the areas of rainy tropi- 
cal climate. Of somewhat less prominence 
in these regions are spic‘cs, medicinal mate- 
rials and cabinet woods. Sugar cane is 
grown in both the rainy tropics and the 
regions with a savanna climate, while c^offee 
is produced in areas of tropical highland 
climate. 

Most of the products characteristic of 
the tropics cannot be grown commercially 
elsewhere because of their need for high 
temperatures at all seasons. This is par- 
ticularly true of bananas, cacao, and coco- 
nuts. Some others, like sugar, are not 
limited to the tropics, but yields are likely 
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to be lower, and therefore costs of produc- 
tion materially higher, when grown outside 
the areas of optimum natural conditions. 

During the past half century the humid 
tropics have become an integral part of 
world economy, and in th(' luture, as the 
population of the earth grows, they are 
bound to play a role of increasing im- 
portance as purv('y()rs of loodstufls and raw 
materials for the an'as of dense population 
farther poleward. Even now, events, sne-h 
as war, which seriously impede the ex- 
change of products between the lower and 
the middle latitudes ha>’e serious economic 
amsequences. The great shortage of lats 
in Europe during both world wars illus- 
trated the fact that w(\stern Europe has 
come to rely to an incToasing degree upon 
imported \'egetable fats from the tiopics. 

As has been mentioned in the preceding 
chapt(T, while much of the agneiilture of 
the tropical areas is still of the subsistence 
type, during lh(' last half century the planta- 
tion or estate type has gn'atly increased in 
importance. In many parts of the tropics 
native production also is becoming more 
and more oriented toward export crops and 
world markets, or markets of the mother 
countries in the case of certain colonial re- 
gions. 

Modern banana production is an excellent 
example of large-scale plantation or estate- 
type tropical agriculture, cacao is a typical 
crop of native c'ommercial agriculture, 
while production of tropical vegetable oils 
and rubber is in the hands of plantations 
and native growers. 

The Banana 

The banana has long been a staple food 
of the people in the humid tropics. In the 
United States, the sweet banana is so com- 
mon on the fniit stands as to lead people 
to believe that it is the only kind grown; 
they are surprised, therefore, to learn that 
in the tropics there are hundreds of varie- 
ties, differing greatly in size, color, flavor, 
and uses. Some bananas are large, others 
small; some are red, others light tan to deep 
yellow; some are sweet and edible when 


ripe, while others are starchy and must be 
cooked or roasted before they can be eaten. 
Still others, like Musa textilis, the source of 
Manila hemp, are valuable for the fibers 
of their leaf stalks. ( See Ulus, below. ) 

The large number of varieties makes 
the banana of paramount importance in the 
subsistence agriculture of the tropics. The 
plant furnishes both food and materials for 
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View of the platano or plantain. The platano 
is a starchy banana that is eaten cooked or fried. 
Its role in the diet is somewhat similar to that of 
die potato in higher latitudes. 

shelter and even for some forms of clothing 
adapted to tropical conditions. 

Climate and soil conditions. Bananas 
require all-year warmth and abundant mois- 
ture and sunshine. They will endure tem- 
peratures as low as 48°F., but the optimum 
is much higher, about 75° to 85 °F. The 
plant makes enormous demands for water, 
and therefore is most successfully grown 
where a rainfall of 80 to 200 inches is well 
distributed throughout the year. In cer- 
tain areas where rainfall is deficient during 
part of the year, but where water supplies 
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are available, production under irrigation is 
proving quite successful, particularly since 
in such areas the dreaded Sigitoka fungus 
disease has not as yet appeared. This is 
true especially along the west coast of Cen- 
tral America. 

Wind is another important factor. While 
the plant can stand fairly strong winds dur- 
ing its growing period, a blow of 20 miles 
an hour may prove disastrous when the 



Courtesy United Fruit Company . 


A bunch of bananas nearing ra.iturity. Note 
that the individual bananas, the "fingers,” point 
upward from the stem. 

fruit is maturing. Finally, bananas require 
fertile, friable, well-aerated soils. From 
these requirements it is clear that the ba- 
nana, though produced throughout the 
tropics, generally finds optimum conditions 
for large-scale commercial production in the 
areas with a rainy tropical climate. 

Principal commercial species of ba- 
nanas, From a commercial standpoint, the 
most important species of banana is Musa 
sapientum. The species presumably was 
native in the tropical lands of the Far East 


but was brought early to the Western Hemi- 
.sphere and is now found growing in the 
humid lowlands throughout the rainy trop- 
ics. The principal variety is known as Gros 
Michel, the fruit of which is large, well 
flavored, and capable of standing shipment 
— fjualities which give it commercial leader- 
ship. A less popular variety is the red ba- 
nana, known also as Baracoa and Red /a- 
iiuiica. The fruit is shorter and stubbier 
than that of the Gros Michel, and the 
bunches are smaller. 

Anolher sjieeies of the same family is the 
Musa paradisiaca — Fruit of Paradise — more 
eommonly called the plantain or platano. 
It IS in eonnnon use in the tropics as a starch 
food, like our potato, but does not enter into 
world trade. ( Tllns. p. 1 12. ) 

Localization and international trade. 
Major commercial production centers in the 
lands around the Caribbean — near the 
greatest coiisinner of bananas, the United 
States (see froiitis.. Physical Map of the 
World) — such as Honduras, (hiatemala, 
Colomlna, C>osta Rica, Panama, Mexico, 
Haiti, Jamaic'a, Nicaragua, and Ecuador. 
Other important exporters are Brazil, the 
Canary Islands, l^hench West Afric*a, the 
Cameroons (now partly in Nigeria, partly 
in French Equatorial Africa), and For- 
mo.sa. (See lllns. p. 115.) 

Because of the pc'rishable nature of the 
banana, large foreign shipmc'iits became 
possible only after modem, fast methods of 
transportation were developed, with spe- 
cially built steamships, loading and unload- 
ing equipment, warehouses, and railroad 
cars. 

Local production by unsupervised natives 
failed to provide a supply of fruit depend- 
able both as to quantity and quality, and it 
soon became evident to leaders in the com- 
mercial banana industry that success could 
be attained only through co-ordination of 
production, harvesting, transportation, and 
marketing processes. At the turn of the 
century, great corporations were organized 
on that basis, and since then the industry has 
become a huge, integrated business involv- 
ing complete co-ordination of all processes 
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troiTi the planting of the “bit” in the tropical 
lowland to the delivery of the ripened fruit 
to the retailers in American and European 
cities. 

The banana plantation. The long 
growing period before harvest, and the 
expenses of cultivation in the meantime, 
add to the large-scale capitalistic character 
of the commercial banana industry. In 
most regions, profitable returns are not ex- 
pected within two or three years alter plant- 
ing. 


ready for cutting. It is thus from 14 to 18 
months after planting before the first crop is 
ready, and that crop is usually of little value 
because the root systems have not devel- 
oped sufficiently to produce the full-sized 
bunches of large, plump fruit demanded 
by the trade. (See Ulus. p. 113.) While 
the mother plant is maturing its bunch of 
fruit, young sprouts known as suckers make 
their appearance. Soon after the bunch of 
bananas has been gathered, the stem of tlu’ 
plant is ent down, for each tree bears but 
one bunch or stem of fruit. The suckers are 



The banana is propagated from rhizomes 
and suckers. Plantations are first set with 
pieces of rhizome or rootstock, called bits, 
selected from vigorous, healthy plants. 
During the growth of the plants, cleaning 
must be done three to five times a year. 
This consists of cutting away with a machete 
the ever-luxuriant weeds and undergrowth. 

A period of 11 to 14 months is necessary 
for the banana tree to attain maturity and 
develop its blossom, at which time it reaches 
a height of 16 to 30 feet, depending on soil 
and weather conditions. Three or four 
more months are necessary for the develop- 
ment of the fruit to the point where it is 


then removed from the inner side of the 
basal stem, only a limited number being al- 
lowed to develop along the outer edge. 
These suckers bear the first profitable crop. 
After that, production is virtually continu- 
ous during the life of the plantation, a 
period varying in different regions from 5 
to 15 years, or even longer. As the planta- 
tion ages, the original single plant becomes 
succeeded by a sort of circular hill or mat 

Harvesting and marketing. The har- 
vesting and marketing processes, as oper- 
ated by the major fruit companies, approach 
perfection in co-ordination of industrial 
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technique. As the incoming ship ap- 
proaches the port, radio instructions are 
sent from company headquarters to the 
local managers notifying them as to the 
number of stems desired, the exact hours for 
loading, and the destination of the cargo. 
The local managers then instruct the super- 
intendents of the banana farms by tele- 
phone as to the number of steins each is to 
supply and for what market the cargo is 
destined. The probable number of days 
that will elapse from the day of cutting until 
the fruit reaches consumption centers is 
estimated; cutters are advised accordingly, 
and ord(TS are issued timing the work so 



that the fruit is delivered and the cars 
loaded at the railroad sidings but an hour or 
two before the engine comes along to make 
up its train for the trip to the port. The 
railroad trip may be 10 miles or it may be 
60, but the work is so integrated that the 
loading of the 40- to 80-thousand-stem 
cargo is acwmplished in 8 to 12 hours with- 
out congestion or confusion. The clocklike 
precision with which these processes of har- 
vesting and transportation are carried on -is 
necessitated by the climatic conditions and 
the perishable nature of the fruit. 


Cacao 

Cacao is one of the crops most typical of 
the areas of rainy tropical climate. The 
cacao tree {Theohroim cacao; Tlieobroma 
= food of the Gods) is a native of the 
American tropics, and its cultivation has 
spread to tropical parts of other continents. 
The tree is n'stricted to tropical lowland 
areas, for it requires an average temperature 
of at least 75 '"F. and a minimum tempera- 
ture that does not fall below 60”F. Humid- 
ity ranging between 80 and 90, and rainfall 
of 50 inches or more j^er year, are essential. 
Commercial success is not possible where 
there is a marked dry season. In many 
regions it has been found advantageous to 
provide shade by interplanting other, taller 
trees, referred lo as imdrc dc cacao (or 
cacao mother) in Latin America, in order 
to prevent excessive evaporation. 

The damp, warm climate required for 
commercial production of cacao, unfortu- 
nately, faxors plant diseases, and cacao has 
probably suffered from these more than has 
any other commercial crop of the tropics. 

Cacao production. The cacao tree 
blooms continuously, and always carries 
some ripe fruit. Usually, however, there 
are one or two principal harvests during the 
year. The fruit is a jwd containing a 
number of seeds, the cacao beans. The 
beans are shelled from the pod, are sub- 
jected to a fermentation process and dried, 
and then are ready for shipment. The 
processes of preparing cacao for market, 
therefore, are essentially simple and do not 
require costly equipment. Once the beans 
are prepared, they keep well and no special 
transportation facilities are needed. Thus 
cacao does not need to be grown on large 
plantations but can be produced in satis- 
factory qualities by small, native farmers. 
(See Ulus. p. 116.) 

In preparation for consumption the beans 
are cleaned, dried, and roasted. Choco- 
late is produced by adding some sugar to 
the finely ground beans. Cocoa is made 
by removing most of the vegetable fat, the 
so-called cocoa butter, which is in great 
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(A ) PickiTic; cacao pods on a plantation in Ecuador. Note pods attached to trunks of tri'cs 
WoHH’n 111 lorcgionnd arc shelling the cacao beans from the pods 
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demand for the preparation of cosmetics. 
The rapid increase in consumption of cacao 
during recent decades is due to the produc- 
tion of cheaper sugar and a general rise in 
the standards of living. 

Distribution. Most of the cacao that 
enters world trade is derived from two 
types of cacao, the CrioUo and the Foras- 
tcro. The Criollo type, planted principally 
ill America, furnishes a cacao of superior 
grade, in great demand for blending pur- 


By 1920 this area had definitely outstripped 
the old centers of production in the Western 
Hemisphere. ( See Ulus, below and p. 118. ) 

4bp,ut two-fifths of the world’s cacao 
crop c'omes from the Gold Coast, in Africa. 
Other portions of the tropical rain-forest 
belt that skirts the Gulf of Guinea also 
produce aicao. Along the coast of Nigeria 
the cacao industry is steadily increasing in 
importance, and sufficient land is available 
for considerable expansion. The French 
have establishc'd an important cacao in- 



Aiimial exports of eacao from Africa and Latin America since 1915. 


poses, but the tree gives rather low yields 
and shows little resistance against disease. 
The bulk of the world’s cacao, including 
the African crop, is produced by the Foras- 
tero type. The trees are hardy and yield 
well, but their product has an aroma de- 
cidedly inferior to that of the Criollo. 

Tropical South America, especially Ecua- 
dor, and the West Indies were for centuries 
the world’s main source of cacao. In the 
latter part of the nineteenth century a new 
area of production began to develop in 
Africa, first on the islands in the Gulf of 
Guinea, and later on the Guinea coast itself. 


dustry in the Ivory Coast, the bulk of the 
output being shipped to France. Producers 
of lesser importance are Spanish Guinea, 
Togoland; Saint Thomas and Principe 
islands, selling their cacao through Lisbon; 
and the Belgian Congo, exporting chiefly to 
Spain. In Africa, the cacao plantations are 
mostly in the hands of the natives, with only 
a minor percentage of European estates. 

In America the principal centers of pro- 
duction are much more scattered. The 
newest and at the same time the most im- 
portant producer is tho^^state of Bahia, 
which makes Brazil second only to the 




118 


AGRICULTURE IN THE HUMID TROPICS 


Gold Coast in world output. The cacao 
is grown on the river flats and lower hills of 
the coastal strip, where temperatures are 
high and where the southeast trade winds 
provide abundant precipitation. Brazilian 
cacao is comparable in quality with that 
from the Gold Coast and brings only 
slightly higher prices. Another important 
producer of ordinary cacao is the Domini- 
can Republic. 

Superior grades of cacao are exported by 
Trinidad, Venezuela, and Ecuador. In 


cacao imports, the United States alone tak- 
ing nearly two-fifths of the total. More 
than half of our imports of cacao beans 
come from Africa; most of the rest originate 
in Latin America, especially Brazil. The 
chief competitors of the United States in the 
purchasing market are the United Kingdom, 
Germany, the Netherlands, Franc*e, Bel- 
gium, Italy, and Switzerland. The Nether- 
lands have a highly developed cacao indus- 
try and export considerable quantities of 
cocoa, cocoa butter, and chocolate. Switz- 



PniK'ipal cacao producing rcgicms of tlic world. 


Venezuela the majority of the cacao planta- 
tions are located in the narrow coastal strip 
east of Puerto Cabello and in the n^gion 
around the southern end of Lake Maracaibo. 
In Ecuador the industry centers in the val- 
leys north of Guaya(|uil. Ecuador once 
was the world’s principal cacao producer. 
With the expansion in other areas the coun- 
try lost its predominance, and since 1922 the 
advent of witches’ broom, one of the most 
dreaded cacao diseases, for a time threat- 
ened to annihilate the industry. Other 
roducers of some importanc*e are Colom- 
ia, Costa Rica, Granada, and Panama. 

International trade, Europe and North 
America account for most of the world’s 


erland is known as an (wporter of chocolate 
and chocolate products. 

Tropical Vegetable Oils 

Fats are an indispensable part of the 
human diet, and many kinds of fats and 
oils are necessary for a multitude of modern 
industrial processes. In some parts of the 
world climatic conditions are such that it is 
either impossible or impractical to produce 
animal fats. In regions of dense population 
the production of animal fats is relatively 
expensive, and with the continued increase 
in the population of the world, the 
shortage of animal fats is becoming 
ever greater. In world trade the im- 
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portance of vegetable fats is already far the inhabitants of the industrialized tem- 

greater than that of animal fats, and the perate regions, and for the manufacture of 

world production of vegetable fats is in- soap and margarine, 

creasing at a rapid rate. Particularly, the The coconut palm {Cocos nticifem) is a 
densely populated countries ol Europe have time child of the tropics: it requires much 

been looking more and more to the tropics sunshine and continuous warmth. (See 

as an important source area for vegetable Ulus, below.) Although it can stand brief 

fats. Coconut palms, oil palms, sesame, periods of temperatures as low as 60°F., it 

and peanuts are the principal oil crops does not thrive where ax erage annual tem- 

which are produced successfully in the peratures are below 75 "'F. High humidity 

tropics, and there are a large number of and high annual precipitation, preferably 



Cowicstj Departemrnt van Landhouw, NetherUind India 

A coconut nursery Cocomils arc iinhedded in moist sand Note young spronis growing lliroiigh the 

husks 

other crops that hold great promise for the over 80 inches per year, arc essential; per- 
future. iods of drought have an unfavorable influ- 

ence both on the palm itself and on its pro- 
The coconut palm. The coconut palm duction of nuts. While the outermost limits 
is one of the plants indispensable to primi- of its distribution lie between 26''N. lati- 
tive native economy in many parts of the tude and 22 ""S. latitude, the areas with 
warm humid regions. Its products are so climates favorable for commercial produc- 
di versified that a small grove suffices to tion do not reach much farther than about 
assure tropical man of all he needs for sur- 20° on either side of the equator, 
vival: food and drink, implements, shelter, There is a native saying that the coconut 
and a little clothing. During recent dec- palm needs the sound of the human voice to 
ades, however, the importance of the coco- thrive. One might add that it also needs 
nut palm has extended far beyond the the voice of the sea; it is an inhabitant of 
tropical lands; its fruit has become one of the coasts of the tropics. It grows on the 
the principal sources of vegetable oils for little atolls of tho Pacific, which appear to 
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rise out of the ocean as groves of palm trees; 
it fringes nearly all the shores of the islands 
and mainlands within the low latitudes. 
The coconut palm begins to bear fniit from 
8 to 10 years after planting, often reaches a 
height of more than 80 feet, and may live 
to be a hundred years old. The fruit con- 
sists of an outer fibrous cover enclosing a 
hard, woody nut lined with “meat.” This 
meat is valuable commercially because of 
its high content of vegetable oil. Not only 
is this oil an excellent soap stock, but its 


times the extraction of the oil takes place in 
or near the areas of production, but much 
t‘opra still is shipped long distances to the 
consumer countries in the middle latitudes. 

In all producing areas the coc‘onut in- 
dustry is primarily a native industry; little 
western capital has been invested in pro- 
duction. In part, this is because copra is 
essentially a raw material where quality 
does not count heavily. Furthermore, the 
growing of coconut palms does not require 
r knowledge of specialized agriculture. Its 



Exports of copra by tlip principal producing countries of the world. Average 1936-1939. 
Data for Oc*eania, East New Guinea, and Tliailand: average for 1936, 1937, and 1938 only. 
Postwar data are incomplete. 


chemical composition is so closely akin to 
that of butter that, after being refined, it 
can be made into high-quality oleomar- 
garine. 

Commercial production. After the fruit 
is gathered, the outer husk is removed and 
the nut .split open. Then it is dried in the 
sun, over a fire, or, in a few cases, with the 
aid of modern drying apparatus. As a 
result of this process the meat loosens from 
the hard shell. The dry meat, copra, con- 
tains 50 to 60 per cent of oil and thus is a 
relatively concentrated commodity. Some- 


growth is thus an ideal economic activity 
for the natives, who can sell their copra 
when prices are favorable or can wholly or 
partially withdraw from the market when 
prices are low. 

The centers of commercial coconut pro- 
duction are the Netherlands Indies, the 
Philippines, the islands of the western Pa- 
cific (especially New Guinea and the Fiji 
and Solomon islands), Ceylon, and Mozam- 
bique (see Ulus, above). In the Philip- 
pines the industry is concentrated in the 
eastern and southeastern sections of the 
islands, where rainfall is high and where 
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there is no prolonged dry season. The 
Philippine industry is strongly dependent 
upon the American market. Large quanti- 
ties of copra and coconut oil are shipped 
to the Pacific ports of the United States, 
especially to Berkeley, California, where 
an important oil-crushing industry exists. 
Smaller quantities are sent directly to At- 
lantic ports. An important oil-crushing in- 
dustry has developed in Manila, the only 
center in any of the producing areas where 
the oil is extracted on a large-scale basis. 
Because of the favorable economic and poli- 
tical connections, the oil normally is ex- 
ported directly to the United States. 

In the Netherlands Indies the commercial 
coconut industry is most important in the 
sparsely populated Outer Provinces, espe- 
cially in Celebes, Western BoriK'o, Sumatra, 
and the Moluccas. The exports are sent 
mostly to European markets. 

I'he principal consumers of copra and 
coconut oil are western Europe and the 
United States. In this country most of the 
oil is used for various technical purposes, 
such as the manufacture of soap. In Eu- 
rope, on the other hand, much of it goes 
into the manufacture of oh'omargarine, the 
cheap butter substitute of the densely popu- 
lated, highly industrialized countries. 
Dried, shredded coconut meat is used in 
confections and pastries. 

The only other coconut product of com- 
mercial value is the fiber of the outer husk, 
known as coir. It is used in the Orient for 
the manufacture of rope and other cordage, 
and it serves in Europe for the manufacture 
of coarse but strong matting. It is used in 
small quantities in the United States for 
the manufacture of doormats. 

Whole coconuts are not of great impor- 
tance in inteniational trade because they are 
too bulky and of too low value to stand 
long-distance transportation. In the United 
States the whole nuts come mainly from 
the near-by Caribbean lands. 

Oil palm. The African oil palm {Elaeis 
guineensis) is a competitor of the coconut 
in the markets for vegetable oils in the 
middle latitudes. Like the coconut palm, 


the tree requires a rainy tropical climate. 
It needs high humidity and a rainfall of 
over 80 inches and cannot stand a pro- 
longed dry season. 

In Africa the trees are found scattered 
through the humid forests of the Guinea 
Coast and the Congo basin, and from time 
immemorial they have furnished the Negro 
with a food and an unguent. In clearing 
the jungle the natives have generally left 
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Harvesting fruit of the oil-palm. The fruit, 
which hangs in bunches, is ricm in oil. Imme- 
diately after being har\^ested it is crushed, and 
produces palm gieasc and palm oil. 

the oil palms standing. Protected by the 
Negro farmer, these palms have multiplied 
until in many regions they have developed 
into solid groves. Oil-palm forests are 
especially extensive in the moist coastal 
lands of Nigeria and Dahomey, and a belt 
in which they are common stretches west- 
ward along the entire Guinea coa.st as far 
as the French colony of Senegal. Toward 
the south, oil palms arc plentiful in the 
Cameroons, the Congo, and Angola. 
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The Iriiit of the oil palm is small, from 
one to two inches in diameter, yellowish 
white, and grows in bunches which may 
contain as many as 1,000 to 1,500 each. It 
consists of a soft yellow pericarp and a hard 
kernel, of which the former contains tlie 
palm oil proper, the latter, the palm kernel 
oil. (See Ulus. p. 121.) 

Tlie oil is pressed from the pericarp) with 
the aid of primitive native eejuipment, often 
simply by m(»ans of treading. While much 
of the oil is used locally, a large suq)lus is 


The oil produced on the estates is more care- 
fully prepared than native oil can ever be. 
It has a low content of free, fatty acids and 
is, therefore, in great demand. 

llie centers of consumption of palm oil 
are western Europe and the United States. 
The United States imports come principally 
from Sumatra, though Africa, especially the 
Belgian Congo, furnishes some. Most of 
the palm kernels are shipped to Europe, 
where the oil is extracted and used in the 
margarine indu.stry. 
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Postwar 


a\'ailable for export. The hard kernels keep 
well, contain about 45 per cent of oil, and 
are shipped mostly to northern countries. 
Principal shippers of oil and kernels are 
Nigeria, Belgian Congo, French West Af- 
rica, especially Dahomey, the Cameroons, 
Angola, Togo, Sierra Leone, Sao Tlioine, 
and Principe. (See Ulus, above.) 

In Africa, the processes of oil production 
are primitive and transportation often is 
slow and difficult. Much of the oil so 
produced is of such low quality that it can 
be used only for ordinary soap stock. Yet, 
Nigeria and Sierra Leone depend almost 
entirely on the exports of oil and kernels 
for their revenues. 

In recent years extensive plantations of 
oil palms have been established under west- 
ern management in the N('therlaiids Indies 
(Sumatra) and British Malaya. This new 
plantation industry has proved to be a dan- 
geious competitor of the African industry. 


Rubber 

One of the most spectacular develop- 
ments of the twentieth century is the 
growth of the nibber indust ry from a primi- 
tive gathering act ivity, "^rried on in tlie 
equatorial rain forests, into a major planta- 
tion industry of the tropics. 

Rubberlike substances are known to exist 
in many plants of the intermediate as well 
as of the tropical regions. Thus far, how- 
ever, the largest and most satisfactory rub- 
ber-producing plants have been found in 
warm regions where rainfall and humidity 
are high throughout the year. Among the 
numerous actual or potential producers, the 
Heve a tre e (Hevea brasiliensis) has at- 
tained pre-eminence because of its.liigh, 
^Ids and the exc ellent qua lity of its rub- 
bei:. The bark of this tree yields a ready 
flow of latex, a milky juice not unlike that 
of the American milkweed. It requires a 
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rain y tropica l cH inatej a pronounced dry 
season is decidedly unfavorable, because 
it interrupts the flow of latex. 

The Hevea grows wild in the extensive 
tropical forests of the upper and southern 
Amazon basin, where the latex was known 
to the Indians under the name of “Cahuchu” 
(wood tears) and was used by them to 
weatherproof their moccasins. Cahuchu, 
or caoutchouc, became known in Europe 
about the middle of the eighteenth cen- 
tuIy^ and for more than a hundred years the 
c'ommercial value of the product was based 
mostly upon its property of erasing pencil 
marks (“rubber”). Although the invention 
of the vulcanization process by Charles 
Goodyear in 1839 paved the way for large- 
seale use, rubber did not become of major 
industrial importance until the rapidly de- 
veloping bicycle and automobile industries 
created an enormous demand for it. With 
a large part of the civilized world riding on 
pneumatic tires, rubber has become one of 
the raw materials indispensable to our pres- 
ent industrial age. 

Change from wild rubber to planta- 
tions. The inhospitable tropical environ- 
ment and the scattered distribution of the 
trees through the forest proved to be great 
handicaps in the exploitation of the* wild 
rubber resources of the Amazon basin. It 
soon became evident that the supply of wild, 
rubber was not sufficient to satisfy the ever- 
increasing demands^. During the latter por- 
tion of the nineteenth century, efforts were 
made to introduce the Hevea in other parts 
of the world and to cultivate it in planta- 
tions. These attempts were highly success- 
ful, and at present more than 95 per cent of 
the world production of 'rubber is derived 
from these plantations. The wild rubber 
output of Brazil has fallen to a negligible 
percentage, though World War II stimu- 
lated some increase, at least temporarily. 

Labor needs. Tapping the trees is la- 
borious „ and requires considerable skill. 
(See Ulus, above.) In order to have eacTi 
tree tapped every other day, an abundant 
supply of low-priced labor is a necessity. 


Hence, plantations have been successful 
only in those sections of the Far East where 
an ample supply of cheap labor is available 
or can readily be imported. Thus, British 
Malaya and the Netherlands Indies have 
become the largest rubber producers in the 
world. 

Methods of preparing rubber for ship- 
ment are relatively simple. In the Amazon 
region the latex was treated over fire and 


Tapping a rubber tree. Preparatory to tapping, 
an oblique incision is made in the bark. The 
rubber “milk” flows slowly into a cup fastened tem- 
porarily to the tree with a bamboo string. 

made into smoked balls. Coagulation of 
the rubber in the latex can be brought 
about also by the use of weak acids. Much 
rubber is made into thin, crepy sheets, and 
some of it is even shipped as latex. The 
capital equipment necessary for the prep- 
aration of good sheet rubber is neither 
very complicated nor exceedingly expensive. 
An acceptable product can be made by 
relatively simple means. Thus, rubber 
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can be produced successfully on plantations bea)ine an important factor on the world 
and by small native growers alike. market. The native producer has few over- 

head expenses. He need not worry about 
Rubber plantations in the Far East, the labor problem, since usually the mem- 
In British Malaya the plantations are mostly bers of his own family and a few immediate 
on the low coastal plains; a few are in the friends do all the work; he does not have 
hilly belt farther inland Climatic condi- above him a board of directors and share- 
tions are ideal, but much of the labor holders clamoring for dividends. Thus, he 
is imported, mostly Tamils from India can tap his trees whenever prices are favor- 
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“Limburg,” rubber estate in East Java, south of Malang. The plantation headquarters arc surrounded 

by young and old rubber plantings. 

and Chinese from the southern part of able, and when the market goes down he 
China. can discontinue tapping without incurring 

In the Netherlands Indies rubber is pro- serious losses. True, the rubber he pro- 
duced ill all the western islands. Modem duces is of inferior quality, and its color 
rubber estates involving heavy investments is muddy and unattractive in comparison 
of French, English, American, and Dutch with the beautiful creamy white sheets 
capital exist in Java and Sumatra. (See produced by the European plantations. 
Ulus, above. ) In some parts of the islands Nevertheless, it brings only slightly lower 
the natives have followed the example of prices. 

western capital and have planted large areas This native competition raises a serious 
to rubber trees. The product of these question for the plantation rubber industry, 
plantings, the so-called “native mbber,” has After all, mbber is only a raw material of 
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in Liberia on the west coast of Africa; and 
there are smaller plantations at Belterra in 
the lower Amazon Valley. In all these 
areas the labor supply seems to be the 
problem most difficult to solve. 

Some wild Hevea rubber from the Ama- 
zon basin still reaches world markets. This 
is the so-called Para rubber, a highly es- 
teemed smoked rubber prepared according 


industry, and it does not need the extreme 
care given to it on the estates. The Hevea 
is a hardy tree and lends itself well to the 
rather shiftless methods of native cultiva- 
tion. On the other hand, the plantations 
can carefully select high-yielding trees and 
graft parts of these on low yielders. It is 
possible, however, that in the rubber, as in 
the coconut industry, the largest share of 


Harvesting sugar cane with machetes in Cuba. 


the world production may eventually be 
contributed by native growers, provided 
^nthetic rubber does not become so cheap 
and good as to make natural rubber produc- 
tion economically impossible. 

Considerable quantities of rubber are 
produced also in Ceylon, British Borneo, 
southwestern Siam, French Indochina, and 
India. Indochina and India are handi- 
capped by the existence of a pronounced 
dry season. A little Hevea rubber, some- 
what less than 1 per cent of normal world 
production, is now produced on plantations 


to the old laborious processes of Brazilian 
native tappers. 

Gmijule (Parthenium argentatum), a 
bush of the dry regions of Mexict), has been 
exploited commercially for some time in 
Mexico, contributing a fraction of 1 per 
cent to world production. Expansion of 
this industry, however, seems to be possible. 

Most synthetic rubbers are derived basi- 
cally through polymerization processes from 
a small group of hydrocarbons of which 
butadiene is perhaps the best known. 
These “dienes,” since they are hydrocarbons, 
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can be derived from coals, crude petroleum, 
and even from alcohols, which thus consti- 
tute the major basic raw materials of this 
industry. Qualities of some of these rub- 
bers are good, some of them being more re- 
sistant to oils and to abrasion than natural 
rubber. However, natural rubber can still 
be produced the more cheaply, and has cer- 
tain valuable qualities which the synthetic 
product does not possess. 

In all modem countries rubber is used in 
large quantities and for many purposes. 
The United States, with its vast numbers 
of automobiles, is by far the most important 
consumer of rubber, chiefly for the manu- 
facture of tires. The city of Akron, Ohio, 
is the principal center of the rubber-manu- 
facturing industry. 

Sugar Cane 

The sugar cane (Hacrluirum officinarum) 
is a native of southern Asia, probably of 
India, where it was known in earliest times. 
During the later Middle Ages, it was grown 
in the countries around the Mediterranean, 
but climatic conditions were not favorable 
enough to induce any large-scale develop- 
ment of the sugar industry there. From 
the Mediterranean, howe^'er, the crop 
spread rapidly westward, first to the islands 
oflF the African coast, thence to the newly 
discovered American continents, where a 
flourishing sugar industry, based primarily 
upon imported black slave labor, became 
established in the Antilles and Brazil. As 
a result of this development, cane sugar 
ceased to be a luxury and became an article 
of common consumption. 

Climate conditions. Although some va- 
rieties of sugar cane ripen within a period 
of about eight months, most of them require 
a long growing season, from. 12 to 24 
months. As frost is detrimental to^ane, the 
cultivation of this crop is generally limited 
to the frost-free areas of the world. Fur- 
thermore, the continuous high temperatures 
which the plant requires, above 70°F. and 
preferably around 80® to 85®F., restrict 
successful cultivation to the warmer parts of 
the earth. 


During the growth of the cane an abun- 
dant supply of moisture is essential, either 
as rain or, better still, by irrigation. A 
combination of much sunshine and a damp 
tropical atmospherc is most favorable for 
the development of thick, tall cane, rich in 
sugar. (See Ulus. p. 126.) During the 
period of ripening, dry weather is essential 
— hea\y rains during this critical period 
lead to an appreciable dilution of the juice, 
and hence to a lower percentage of sugar. 
Sugar cane, therefore, cannot be cultivated 
to economic advantage in the very humid 
tropics, as for example in the Amazon or the 
Congo basins. The world’s commercial 
sugar plantations are therefore confined 
principally to tropical lands where there is 
a short dry season. 

In both hemispheres, but especially in the 
northern, sugar cane reaches well into the 
subtropics, as in northern India, southern 
China, and southern United States. There 
the shorter gi owing season results in cane 
of smaller size and lower sugar yield per 
acre than in the tropics. 

Production and distribution. In the 
commercial production of cane sugar, one of 
the principal problems arises from the fact 
that cane is a raw material of great bulk, 
and during a brief harvesting season huge 
quantities must be transported quickly to 
a central crushing plant, where the raw 
sugar is extracted. Commercial production 
of sugar cane therefore tends to be con- 
fined to lowland areas where transportation 
is easy. Most plantations are large, so that 
efiBcient transportation systems can be es- 
tablished. Such systems usually consist of 
a network of narrow gauge tracks over 
which small engines can draw long trains of 
heavily loaded cars. In many regions, ad- 
ditional cane is grown by natives and sold 
to neighboring “centrals.” (See Ulus. A, 

p. 128.) 

The modem processes of sugar refining 
are rather complicated and require costly 
machinery as well as a high degree of tech- 
nical skill. The commercial manufacture 
of sugar is therefore largely in the hands of 
large corporations with ample capital at 
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(A.) Loading cane from modern field cart to special railroad cais for sliipininit to the mill 
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(B.) A typig^l large Cuban sugar mill. Note loaded cane cars in the foreground. 
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their disposal. In contrast to the rubber 
and copra industries, the sugar industry 
thus far has had little to fear from native 
competition. (See Ulus. B, p. 128.) 

The two outstanding surplus producers 
of cane sugar are Cuba and Java, The 
conditions under which cane is grown in 
these two islands are vastly different. ( See 
Ulus. p. 130.) 

Excjept for the occasional occurrence of 
severe droughts, Cuba enjoys a climate that 
is ideal for sugar cane. Only 12 to 15 
months are required to mature the crop, and 
once the cane is in the ground the root- 
stocks continue to send out new shoots for 
a number of years, thus eliminating the 
cost of replanting the fields after the har- 
vest. Fertile land is abundant and cheap. 
On the other hand, the population is rather 
sparse and labor is high priced. The cane 
farmers or “Colonos,*' who sell their cane 
to the numerous large mills, give only in- 

Table I 


Production of Cane Sugar in 
Principal Producing Countries 




In 1,000 Quintals 

Countries 

Av. 7i1- 
’IJf) lo 
':i8-’:59 

19i;i- 

19.M 

1941- 

1945 

1915- 

1946 

Ciil)a . . 

26,729 

40,51 1 

33,535 

37,279 

United Slates 

3,615 

4,222 

3,705 

4,087 

Mexico 

2,978 

3,902 

3,729 

4,236 

Puerto Rico. . 
Dominican 

7,9-K) 

6,200 

8,270 

7,570 

Republic . . . 

4,112 

4,525 

4,376 

4,240 

Argentina .... 

3,993 

4,098 

4,590 

4,470 

Brazil 

10,395 

12,516 

12,5(K)* 

No data 

Peru 

3,958 

4,183 

4,231 

No data 

Formosa 

10,786 

8,900* 

.5,(HX)* 

1,6(K)* 

India 

32,112 

35,651 

33,411 

32,841 

Java 

10,805 

4,968 

842 

250* 

Philippines . . . 

8,570 

19 

6 

111 

Mauritius. . . 
Union of South 

2,790 

3,107 

1,996 

1,390 

Africa 

4,087 

5,311 

5,572 

5,017 

Australia ... . 

7,068 

5,003 

6,113 

5,456 

Hawaii. 

8,324 

7,418 

6,962 

5,936 


* Estimates. 

Source: International Yearbook of Agricultural 
Statistics, 1941-42 to 1945-46, Bureau of the 
F.A.O. in Rome, Vol. I, Rome, 1947. 


different care to their crops. As a result, 
the yields of sugar per unit of area are low. 

Since Cuba gained independence, the 
sugar industry has expanded rapidly be- 
cause of the influx of American capital 
and the preferential tariff accorded by the 
United States to raw sugar imported from 
the island. In recent years the industry 
has spread from the central provinces to the 
level lands of the east, but large areas are 
still available for future expansion. The 
United States is the principal market. The 
sugar is imported raw to be refined in or 
near the North Atlantic ports, especially 
Philadelphia, New York, and Baltimore, 
or the Gulf port of New Orleans. 

In Java, sugar cane can be grown success- 
fully in the low coastal and interior plains 
of the central and eastern portions of the 
island, where a brief dry season, the so- 
called ‘East Monsoon,” insures the neces- 
.sary concentration of the juice. As Java is 
densely populated, only limited areas are 
available for the cultivation of sugar cane 
by plantation methods. The sugar com- 
panies have to rent land from the natives 
and can do so only for periods of time just 
long enough to produce one crop. There- 
after the laiid is returned to the owners and 
other areas are rented. The entire system 
is under strict control of the government of 
the Netherlands Indies, which is interested 
in reserving an adequate amount of land 
for the production of foodstuffs. Although 
the volcanic soils are fertile and labor is 
cheap, the high price of land and the neces- 
sity of planting each crop are distinct handi- 
caps to the Java sugar industry. These 
handicaps have been met by a highly in- 
tensive system of agriculture and close co- 
operation between planters and scientists. 
The annual yield of sugar per acre is much 
higher in Java than anywhere else in the 
world. Most of the crop is refined on the 
island and subsequently exported to India, 
parts of the Far East, and Egypt. The es- 
tablishment of a high protective tariff on 
sugar in India was a sudden and severe 
blow to the Java sugar industry, resulting 
in a great decrease in production and caus- 
ing large capital losses. In recent years, 
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increasing quantities of sugar from Java 
have gone to the European markets owing 
to decrease in Japanese demands and the 
Indian tariff. 

Among the other producers of cane sugar 
in the Western Hemisphere should be men- 
tioned Hawaii, Puerto Rico, the Dominican 
Republic, Peru, Brazil, and Argentina. 

The Hawaiian Islands have an oceanic 
climate with rather moderate temperatures, 
so that the cane requires a growing season 
of 20 to 24 months. On the northeast or 
windward side of the islands precipitation 
is abundant, while on the dry leeward side 
the scanty rainfall must be supplemented 
by irrigation. The nigged topography has 
necessitated expensive engineering works 
for irrigation and transportation, while 
much of the labor has to be imported from 
various parts of the Orient. Practically the 
entire Hawaiian export is sent to the United 
States, to the refineries on the Pacific and 
Atlantic cxiasts. 

In Puerto Rico the sugar is produced in 
the low coastal plains, especially those of 
th(* north coast, and the surplus is exported 
principally to the United States. The Do- 
minican sugar industry is concentrated in 
the low southern coastal plain. In South 
America, Peru is an important sugar pro- 
ducer and exporter. There the cane is 
grown under irrigation in the valleys of 
numcTOus rivers which cross the coastal 
desert. In view of the limited quantity of 
available irrigation water and the competi- 
tion of other crops, such as cotton, little fur- 
ther expansion of the sugar industry can be 
expected. Brazil, though it has important 
production, exports but little sugar, while 
Argentinian production is entirely for the 
domestic market. 

In continental United States, southern 
Louisiana has the major sugar cane district. 
Florida’s production is much less but is 
increasing. Though important from a na- 
tional point of view. United States produc- 
tion is of little consequence from the stand- 
point of world supply. 

The Philippines, Formosa, Queensland, 
Natal, Mauritius, and Reunion are commer- 
cial producers in the Eastern Hemisphere. 
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In the Philippines, sugar became an im- 
portant crop because of tariff preference on 
the American market; more than 95 per 
cent of the exports were sent to this coun- 
try. The largest sugar estates arc on Ne- 
gros, Cebu, Luzon, and Leyte. It remains 
to be seen how promptly and to what extent 
there will be recovery from the damages 
resulting from World War II, and for what 
length of time the United States will con- 
tinue to give high customs preference to 
Philippine sugar. 

Mauritius and Formosa produce sugar 
chiefly for export, the latter exclusively for 
the Japanese market, at least before the 
war. The sugar industry of Australia is 
concentrated in the narrow eastern coastal 
plain of Queensland and is unique because 
white labor is used exclusively. 

Important contributors to world produc- 
tion are India and southern China. As far 
as the quantity of sugar produced is con- 
cerned, India ranks in importajice above 
Java and Cuba. A considerable portion of 
the crop is not refined but is consumed in 
the form of brown sugar, the so-called 
“gur.” In recent years, however, the pro- 
duction of modern refined sugar has in- 
creased greatly, and with this has come a 
significant increase in commercial acreage 
of cane. 

The sugar industry furnishes some excel- 
lent examples of how man s interference 
through tariffs and import Quotas can 
greatly diminish or even completely neu- 
tralize the physical and other advantages of 
certain regions, or how it can keep in pro- 
duction other areas which, under a system 
of really free enterprise, would not be able 
to grow sugar on a competitive basis. 

Coffee 

Of the numerous nonalcoholic beverages, 
coffee ranks first in commercial importance, 
followed by tea and cacao. Well over 
three billion pounds of coffee beans are ex- 
ported annually from the major producing 
wuntries, a convincing measure or the mag- 
nitude of this trade. , Tropical America is 
the_ principal source of the worlds coffee 
supply. 
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Natural conditions favorable for coffee 
culture. Coffee is a typjc^ highland crop 
of the tropics. It does best at altltiideTlrf 
1,000 to 6,Q0Q.feet, where the days may be 
quite warm, 90 °F. or more, but where the 
temperatures at night may occasionally 
drop as low as 40 "F. Coffee requires much 
moisture — an annual rainfall of 50 to 90 
inches— but a relatively dry period during 
the picking season is desirable. In general, 
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Coffea robusta. Plant witli berries and flowers. 

hillsides rather than valleys are preferred as 
sites for plantations, because coffee grows 
best where ^ an^ water jlraina^e are ade- 
quate. 

Jiiclx..SQils are needed for coffee produc- 
tion. Inasmuch as heavy rainfall, which 
causes loss of soil fertility by leaching, is 
nevertheless a plant requirement, it is ap- 
parent that not all the areas with a tropical 
highland climate are good coffee lands. 
The soils most favored for plantations are 
those of volcanic origin, where weathering 


is actively breaking down lavas and liber- 
ating the essential plant foods. The finest 
coffee lands of Jaya^ Sumatra, Brazil, Co- 
lombia, Central America, and Mexico all 
have rich and det»p, loamy soils derived 
from young volcanics. On the best coffee 
lands in Central America and Brazil, the 
loose mantle rock is said to reach depths of 
over a hundred feet. 

Although many species of trees and 
shrubs belong to the genus Coffea, only a 
few have been found suitable for coffee 
production. These are Coffea arabira and 
Coffea robusta, both tall shrubs, and Coffea 
liberica, a small tiee. The first named is 
probably a native of Abyssinia and grows 
best in tropical highland^ areas, whereas the 
latter two an' natives of the Congo basm 
and of Liberia and do well at somewhat 
lower altitudes. Most of the commercial 
cofft'c crop of the world is a product of dif- 
ferent varieties of Coffea arabira, prized 
because of the superior flavor of the bever- 
age made from the beans of this species. 
Coffea robusta, bc'cause of its resistance to 
fungus diseases, is grown extensively in the 
East Indies, while some liberica is still 
grown in Africa. (See Ulus, left.) 

/ 

Present distribution of the coffee in- 
dustry. From its original indigenous home 
in the highlands of Ethiopia, coffee culture 
gradually spread to Arabia, India, the East 
Indies, and the Western Hemisphere. The 
early Red Sea port of Mocha, from which 
coffee first was introduced to Europe, and 
the later center of production in Java, have 
left their names in coffee terminology. 
After about 1880, however, fungus diseases 
destroyed most of the Javanese and Ceylon 
plantations, and the cultivation of Coffea 
arabica became unprofitable in the East. 
The chief centers of production shifted to 
their present location, in South and Central 
America and the West Indies. 

At present, the commercial crop of the 
New World comes largely from the well- 
watered highlands of southeastem--JBLrazil, 
Colombia, Venezuela, Central America, 
southern Mexico, and the higher slope lands 
of Haiti, Puerto Rico, and Jamaica. In the 
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Old World the principal regions of produc- 
tion are the N etherlands Indiej ^ the Ivory 
Coast, Angola, Madagascar, Belgian Congo, 
UgahS^'^Ii^^TFS'gan^'^ 
quantities are produced m'Ycnnen (Ara- 
bia), India, and Abyssinia. (See Ulus. p. 
133.) 

South America contributes from 70 to 73 
per cent ol the collec exports of the world. 
Among the exporting countiies, Brazil 
easily ranks first, although its fraction of 
the total world exports declined from about 


nating factor in the world’s coffee markets. 
In the state of Sao Paulo the light green of 
the plantations is the most conspicuous fea- 
ture of the cultural landscape. The prin- 
cipal producing region is the southeastern 
plateau, a h ^iland m[ea which s lopes wesL 
wui*d from the Coast Ranges toward the 
Parana Ri\’er in the interior, particularly in 
Sao Paulo and adjacent sections of Minas 
Geraes. On this plateau, at altitudes of 
LQOO to.iJ500 feet, are thousands of S([uaie 
miles of rich, red soil capable ol producing 
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75 per cent in 1906 to 52 per cent in 1945. 
Colombia in recent years has furnished 
about 20 per cent of the total coffee exports, 
while Eb Salvador held third place with 
about 4 per cent. Coffee production in the 
Netherlands Indies, which formerly held 
third place, has been low in recent years, 
owing to postwar political disturbances. 
The share of Africa in the world’s coffee 
exports has increased steadily from about 5 
per cent in the early nineteen thirties to 
over 10 per cent in recent years. 

Brazilian production is still the domi- 


several times as much coffee as the world 
needs. The jainhyll, about 60 to 75 inches 
per year, is mostly favorably distributed, 
the major part occurring during the- grow- 
ing season of the coffee berry, while the cool 
period of the year. May to September, is 
relatively dry. This is the ripening and 
pickii2g.__^^n. The coffee crop reaches 
inafurity and is ready to pick early in May, 
and picking lasts until Septembm. Inas- 
much as coffee picking can be done only by 
hand, this one-period harvest involves a 
larger labor need than where the ripening 


AGRICULTURE IN THE HUMID TROPICS 


135 


period is more prolonged, as is the case in 
some of the regions of northern South 
America. (See Ulus. p. 134.) 

Since coffee is the principal support of a 
large part of the population in Brazil, it is 
obvious that failure of the crop or a pro- 
longed period of ovciproduction will result 
in economic distress. 

Because of the large profits which were 
formerly realized by the Brazilian growers, 
the acreage in coffee plantations was enor- 
mously increased. Lack of careful study 
of potential market demands, and lack of 
planning in accordance with demands, led 
to overexpansion, overproduction, and dis- 
astrously low prices. The Brazilian gov- 
ernment thcTefore resorted to a system of 
price control, buying up large stocks of 
coffee with the idea of hoi dnig them until 
prices improved and then releasing them 
gradually. In its earlier stages, this so- 
called “valorization” sch(‘me met with con- 
siderable success. Soon, however, the arti- 
ficially sustained Brazilian prices made it 
profitable for other countries to incn'ase 
coffee production. The accumulated Bra- 
zilian surpluses could not be absorbed by 
the e'xisting markets, little was done to de- 
velop new mark('ts, and for years it was 
considered necessary to de.strov large stores 
of coffee without any return. The at- 
tempts of any single nation to increase pros- 
perity through a permanent ])olicy of de- 
struction seems doomed to failure in the 
majority of cases and in addition hurts 
the world standard of living. Planning 
through international co-operation on a 
sound economic basis is neces.sary even 
where one country holds such undi.sputed 
leadership in production as Brazil holds in 
coffcfiL. 

Every country of the Western Hemi- 
sphere from Paraguay to southern Mexico 
produces some coffee. Production has 
been increasing on the highlands which 
extend from Venezuela and Colombia 
through Central America into southern 
Mexico, because of the favorable soil and 
climatic conditions and the fine-flavored 
coffee grown there. Increased plantings 
have been fostered by the high price of 


coffee, the low prices of suitable land, and 
the accessibility of the American markets. 
It seems probable that further expansion 
will occur in these regions. 

Commercial production is also important 
in the Greater Antilles: Cuba, Haiti, the 
Dominican Republic, Puerto Rico, and Ja- 
maica. Haiti has a well-developed market 
in France because of former colonial ties. 
Cuba can expand her production, although 
sugar has been in a better competitive posi- 
tion and hence has received principal at- 
tention. Puerto Rico is favored by an 
abundant labor supply and close trade 
amnections with the United States. The 
Blue Mountain coffee of Jamaica has the 
reputation of being equal to the world’s 
best and commands a premium in Euro- 
pean markets. 

In the Eastern Hemisphere, the Nether- 
lands East Indies led in export trade before 

Tablk II 

PLxports of Principai- Coffkk- 
PuODUClNd CoUNTRIliS 
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Costa Rich. . 

2:52 

212 

188 

218 

(uiutemala 
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198 

515 

.515 

Haiti . 

278 

2.58 

251 

.5(K) 

Mexico 
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.557 

557 

Nicaragua ... . 
Dominican 

If).'! 

120 

1:11 

122 

Republic . . . 

1(« 

KM) 

82 

177 

Salvador . 

.541 

.561 

(W1 

.577 

Brazil 

8,718 

6,067 
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8,.505 

Colombia 

2,298 

5,150 

2,9.54 

5,090 

Ecuador 

i:57 

12:5 

115 

100 

Venezuela . 

477 

290 

200 

No 
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Netherlands Indies 

84.5 

No 

No 

No 
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Angola . . . 

164 

295 

258 

.509 

Belgian Congo. 

1.55 

221 

149 

No 
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Kenya and Uganda 

262 

275 

224 

224 

Madagascar. . . . 

240 

124 

453 

269 

Tanganyika ... 

148 

110 

158 

146 


Source: International Yearbook of Agricultural 
Statistics, 1941-42 to 1945-46, Bureau of the 
F.A.O. in Rome, Vol. II, Home, 1947. 
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World War II. The coffee is grown mostly 
in the mountains of eastern Java and west- 
ern Sumatra, chiefly between altitudes of 
1,000 to 3,000 feet. The principal species 
planted is Coffca robusta, because of its 
resistance to fungus diseases, although in 
some districts Coffca arabica is still grown. 
In Arabia coffee is produc*ed under irriga- 
tion in the coastal kingdom of Yemen, 
where the processes of cultivation, picking, 
and curing are under the supervision of 
British experts. Arabian coffee is consid- 
ered to be of superior quality and generallv 
commands high prices in European mar- 
kets. Thus, the British, though more 
widely known for their tea, produce fine 
coffee in both Arabia and Jamaica. 

Ifjternational trade in coffee. For a 
long time the world trade in coffee flowed 
principally from the West Indies and 
Netherlands East Indies to Europe. Now 
the world’s chic'f coffee stream is from San- 
tos and Rio de Janeiro to New York, with 
lesser streams from Cartagena and Puerto 
Colombia (Colombia) to New York, from 
Brazil and the East Indies to western Eu- 
rope. 

Nearly half of the coffee exports of the 
world go to the United States, Our am- 
sumption has risen from three pounds per 
capita in 1830 to an average of over 15 
pounds for the period 1940-1947. Since 
more than half of the United State's imports 
come from Brazil, the commercial and ea)- 
nomic ties between the two countries are 
close. The increase in imports from more 
northern tropical countries has slightly re- 
duced the percentage received from Brazil, 
owing to the preference in the United 
States for a larger admixture of mild coffees 
in the blends. 

Coffee, an inexpensive luxury, has 
achieved mass appeal as a beverage. It 
cheers alike the laborer, the student, and 
the society matron. Its introduction had 
to overcome religious, political, and physio- 
logical prejudices, ancl in many countries 
even now its use is hampered by economic 
barriers in the form of taxes and duties. It 
has, however, won such universal favor that 


its position as one of the great commercial 
products of the world seems permanently 
assured. 

Spices 

In the minds of many inhabitants of 
middle and high latitudes, spices are more 
intimately associated with the tropics than 
is any other product. This association of 
ideas is, however, chiefly a survival of times 
past. The spices now are only a minor por- 
tion of tropical products entering world 
trade. 

In many tropical countries the food of 
the natives is highly seasoned. Spices have 
been known and usc'd for untold cen- 
turies in the warmer regions of tlie earth. 
Whethc'r this is a physiological response 
to climatic conditions or whether it is the 
result of the tastelessiiess of the native diet, 
particularly of rice, n'mains an open ques- 
tion. 

Even in pre-Roman times small quanti- 
ties of spices reached the West, and, ac- 
cording to some, became immensely ])op- 
ular among the rich because of the often 
doubtful quality of the meat in a n'gion 
with hot Mediterranean summers and 
without means of refrigeration. ^The later 
famous spice trade was partlv responsible 
for the wealth of Venici' and Genoa, for the 
discovery voyages of Portuguese and Span- 
ish, and for the foundation of Colonial em- 
pires, such as those of Great Britain and of 
the Netherlands. Spices were compact and 
very valuable, and they kept well. They 
were therefore eminently suitable for an 
early trade which could deal only in lux- 
uries because of slow, hazardous transpor- 
tation and the small size of a camel’s load 
or even of a ship s cargo. 

Most of the spic'es which once brought 
their weight in gold are now C'ommon 
kitchen ingredients; and although they have 
lost their dominant place in trade with the 
tropics, the volume of shipments of many 
spices is vastly greater than it was in the 
sixteenth and seventeenth centuries. 

Distribution. Among the spices, pepper 
{Piper nigrum) stands first. It is a vine 
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which, like i\y, fastens itself to a support — 
a pole or a living tree with not too dense a 
crown. The pepper plant can be grown 
only where temperature and humidity are 
constantly high. The fruit is a red berry 
which grows in bunches of 20 to 50; each 
berry contains one seed, the real pepper- 
corn. If picked green and dried, the 
berries become dark and wrinkly, the peri- 
carp adhering to the seed. This is the so- 
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Picking pcppci Tlic pcppci IS in the form of 
berries which are first gree'ii, then led, and then 
yellow, when they are ri])e. After being picked, 
they are dried on mats in the open air and finally 
turn black. 

called black pepper. In white pepper, the 
pulp has been removed from the seeds. 
( See Ulus, above. ) 

The Netherlands Indies is the principal 
producer of pepper, accounting for more 
than 70 per cent of the world production. 
The pepper gardens are mostly in the hands 
of the natives, but the traae in pepper, 
which centers in Batavia, is dominated by 
Chinese. 

India produces small amounts of pepper 
on the wann and humid Malabar Coast, 


the “Pepper Coast,” which was one of the 
principal goals that led Vasco da Gama to 
make the first direct sea voyage from 
Europe to the Orient. Minor centers of 
production are i<^nd on the southwest 
coast of French Indo-China, Sarawak, Cey- 
lon, and British Malaya. Malaya shows 
unexpectedly high exports. A large per- 
centage of these exports, however, originate 
in the near-by Netherlands East Indies and 
are sold through the important Malayan 
trade centers of Singapore and Penang. 

Cloves are the dried flower buds of a 
tropical tree (Eugenia canjophijllata), 
found originally in wild state in the Mo- 
lucca or Spice Islands. During the seven- 
teenth and eighteenth centuries the Dutch 
had a virtual monopoly on the trade in 
cloves. This monopoly was broken by the 
French, who succeeded in transplanting 
some clove trees to their island possessions 
in the Indian Ocean (Reunion). At pres- 
ent, most of the cloves entering world trade 
are produced on the little islands of Zanzi- 
bar and l^emba, on the east coast of Africa, 
which enjoy a warm and very humid cli- 
mate. 

Cinnamon is the inner bark of a small 
tree {Cinnamonuin zeijlanictim), cultivated 
principally in th(‘ damp lower hills and 
coa.stal plains of southwestern Ceylon, 
while Java is a minor center of production. 
Since the aim of the cinnamon industry is 
to obtain as much bark as possible, the 
plant is pruned to bush form. During the 
rainy season branches of a certain length 
are cut, and the bark is carefully peeled of! 
and dried. Closely related to the Ceylon 
cinnamon is casski, a product of wild or 
cultivated varieties of cinnamon trees which 
grow in India, the Netherlands Indies, 
French Indo-China, and southern China. 
This is inferior to the Ceylon product, but 
it is often used as a substitute for it. 

The nutmeg tree {Mijristica fragrans) 
also requires a truly tropical climate and 
is grown mainly in the Netherlands Indies. 
Once one of the highly valued spices, the 
nutmeg has lost much of its former popu- 
larity. 

The vanilla plant is an orchid which en- 
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twines itself around trees. Because it Ion coca), which is grown on the eastern 


needs dry weather during the flowering pe- 
riod, it is best adapted to the marginal areas 
of the tropics, where pronounced dry sea- 
sons prevail. The principal producers of 
vanilla are southern Mexico, Reunion, the 
humid north and east coasts of Madagascar, 
and neighboring islands. In recent years 
the industry has suffered greatly from the 
competition of synthetic vanilla, which has 
a much stronger flavoring power than has 
natural vanilla. 

Among other essentially tropical spices 
should be mentioned ginger (Zingiber of- 
/irina/e)— the rhizome of a plant which is 
cultivated in the marginal districts of the 
tropics, and even in the subtropics (south- 
ern China, India, Jamaica) — and the Cay- 
enne pepper or chili of Central America, the 
West Indies, and Mexico. 

Medicinal Products 

The tropical regions are important sources 
of a number of medicinal products, among 
which quinine is undoubtedly the most 
valuable. Quinine and ino.squito netting 
are in many parts of the world practically 
the only means to combat that great scourge 
of humanity, malanal fever. Quinine is 
extracted from the bark of the cinchona 
tree, which grows wild in the forests of the 
eastern slope of the Andes Mountains. It 
is a tree of the tropical highlands occurring 
mostly at altitudes b('tweeii 3,000 and 8,000 
feet. As a result of the inaccessibility of 
the Andean forests and the destructive 
methods formerly practiced by the native 
searchers for bark, there has developed a 
plantation industry whose output has super- 
seded almost entirely that of the wild tree. 
This industry centers in the East Indies, 
especially on some of the mountain slopes 
of western Java, and now supplies more 
than nine-tenths of the world s quinine. 

Outside of the Netherlands East Indies, 
cinchona plantations are found in India on 
the slopes of the Himalayas and at Madras, 
while small quantities of South American 
cinchona still reach the principal markets. 

The leaves of the coca bush (Erythroxy- 


slopes of the Andes between elevations of 
2,000 to 5,000 feet, are chewed by the In- 
dians during work and on the march. The 
stimulating effect of the leaves is due to 
their content of cocaine, an indispensable 
drug to the medical profession, though 
dangerous and habit forming when wrongly 
used. 

Similar but much less dangerous stimu- 
lating alkaloids are contained in the kola 
nut. This is the seed of the kola tree 
(Sterculia acuminata), which is grown ex- 
tensively by the natives of western Africa 
at the edge of the tropical forest. The kola 
nut is the chewing gum of Africa, and in 
polite African society it plays the same roh' 
that a cigar or a box of candy plays in our 
Western culture spheie. 

Tropical Woods 

Perhaps the greatest re.sources of the 
areas of rainy tropical climate are the* im- 
mense tropical rain forests which cover 
with a heavy mantle of everlasting green so 
much of northern South America, Central 
Africa, and the Australasian islanc^s. Tliese 
forests, in contrast to most of those in 
higher latitudes, consist almost entirely of 
hardwoods. Softwoods — that is, aniifer- 
ous trees — grow in some places, particu- 
larly on plateaus and higher mountain 
slopes, but their total acreage is small in 
comparison with that of the hardwoods. 
(See Map of World Vegetation p. 88.) 

The tropical rain forests have no pro- 
longed annual period of rest. Conditions 
throughout the year are so favorable for 
assimilative processes that many species do 
not show the pronounced growth rings 
which are so typical of the trees of the mid- 
dle latitudes. Many tropical woods have 
a fine, even texture, and some are remark- 
ably hard and heavy. Various types of so- 
called “iron woods,” with a specific gravity 
greater than that of water, are common 
throughout the rainy tropics. 

Commercial production. Notwith- 
standing the excellent quality of some of 
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the wood, only a very small percentage of 
the tropical timber resources is commer- 
cially exploited at the present time. In a 
few regions agriculture, in its search for 
new virgin crop lands, is making extensive 
inroads into the rain forest. Such is true, 
for example, in the cacao districts of the 
Gold Coast, where the British colonial 
go\'ernmeiit has considered it nect^ssary to 
declare parts of the tropical forest perma- 
nent reserves. Similar reserves have been 
set aside in the Netherlands Indies and are 
being gradually expanded for the protec- 
tion of the watersheds. Nevertheless, the 
tropical rain forest is as yet a reserve ol 
timber which is relatively untouched. 

For several reasons the tropical hard- 
wood forests have not gone the way of 
most of the hardwood and a considerable 
part of the softwood forests in Europe 
and North America. In ilw rain forest, al- 
though they are not completely absent, 
pure stands of trees rarely occur. In an 
acre of tropical forest one will find, as a 
rule, dozens of different sp('ci(‘s of trees. 
Such greatly mixed stands seriously handi- 
cap commercial exploitation. Further- 
more, a certain percentage of the timber, 
because of too fast growth, may be of rather 
poor quality, with coarse or uneven tex- 
ture. To this must be added numerous 
difficulties of a physical nature: unhealth- 
fiil climate, undergrowth, and soft, swampy 
ground. Transportation is laborious and 
expen.sive, and shipping points are usually 
far from the centers of consumption. 

Under such conditions, and as long as 
great quantities of timber for ordinary pur- 
poses can be cut at relatively low cost in 
the middle latitudes, the “utility” hardwoods 
of the rain forest cannot compete in world 
markets. Only those woods which excel 
because of grain, color, hardness, or fra- 
grance, the so-called precious or cabinet 
woods, can stand the high cost of produc- 
tion and marketing. Of these, a consider- 
able number, under greatly varying names, 
reach the western markets. One of the 
principal handicaps of the trade in tropical 
woods is that, from a botanical point of 
view, the forests are still imperfectly 


known; wood of widely different species of 
trees may have similar popular or trade 
names and similar appearance, yet have 
greatly different properties. 

Some of the precious and semiprecious 
woods have been made the objects of wide 
search, and their names have become famil- 
iar in most of the Western World. Ma- 
hogany, cedar, and teakwood rank foremost 
in this respect. 

Distribfition. True tnalwgany (Swie- 
tenia ) is much sought after for fine cabinet 
work. It is moderately hard, has a beauti- 
ful grain and a rich color which improves 
with time, and can be applied as a veneer. 
It occurs only in southern Mexico, Central 
America, the West Indies, and northwest- 
(Tn South America. At present, Mexico is 
the largest shipper of mahogany, whereas 
Honduras and British Honduras have al- 
ways been noted as producers of exception- 
ally fine types of this wood. 

Several species are closely related to 
Swietenia, of which the wood is similar and 
to which the name mahogany is often ap- 
plied. Among the mosL important of these 
is the African mahogany {Khaya ivorensis) 
of the Guinea Coast forests. The Ivory 
Coast is the principal exporter of this type 
of wood. Southeastern Asia also produces 
some woods that resemble true mahogany. 

A type of wood that always conjures up 
pictures of tropical lands is ebony ( Diospy- 
ros ebenum). Ebony, slaves, and ivory 
onc'c were the principal products of trade 
in tropical Africa, and ebony was sought 
after as early as the days of King Solomon. 
The wood is very hard, usually coal black, 
and exceedingly fine grained. The trees 
that produce it are found in the forests of 
southeastern Asia, Africa, and Madagascar. 
Several other woods closely resemble ebony 
and often are sold under that name. 

Where accessible, the tropical cedars 
{Cedrela ) have been exploited to the verge 
of extinction. Cedar wood is reddish, soft, 
and fragrant. Especially because of the 
fragrance it is in great demand for the 
manufacture of cigar boxes. Cedar trees 
have a wide range, from southern Mexico to 
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southern South America. The cedar trees 
of the Far East (loom) are closely related 
to the true cedar, and their woods are prac- 
tically identical. Central America, Brazil, 
and Mexico furnish most of the tropical 
cedar now used. 

Teakwood (Tcctona grandis) is in great 
demand for its strength and durability. 
The teak tree does best where there is a dry 
season of several months duration. It is 
found, therefore, most abundantly in the 
deciduous monsoon forests of southeastern 
Asia, especially in Burma, Siam, eastern 
Java, and the Philippines. Since teak 
occurs in pure stands, it can easily be ex- 
ploited. At present some of the principal 
stands of teak trees are under .scientific 
silvicultural management, such as the “djati" 
forests of java. 

Among the large miniber of other tropi- 
cal woods may be mentix)ned sandaUocmL 
fiatimvoody and rosewood. 

Other im])ortant economic products of 
the tropical forests are the r(*sins and nut.s, 
the harvest of which in many of the more 
sparsely settled districts constitiitc's the 
principal .source of cash income for the 
native population. Among the various 
kinds of re.sins, the best known are the hard 
copals and the soft copals or damars, fur- 
ni.shed by a number of different species 
throughout the tropics. The hard copals 
are n.sed extensively in the manufacture of 
varnishes and are exported mainly from 
East Africa, Madagascar, the Guinea Coast, 
the Congo region, and southeastern Asia. 

Southeastern Asia is the principal sourex' 
of rattan, the stem of a liana, used in the 
manufacture of chairs and cane .seats for 
chairs. Among the nuts of the wann rainy 
forests the best known are tagua nuts, 
corozo nuts, and Brazil nuts. The first two 
furnish the so-called vegetable ivoiy used 
in the manufacture of buttons, while the 
latter is an edible nut in high favor in 
American and European markets. 

The Cattle Industries 

In the warm lands cattle are raised chiefly 
for noncommercial purposes, for power. 


meat, and milk. India outranks all other 
countries of the world in total cattle popula- 
tion, having about 200,000,000 cattle and 
watxT buffaloes, compared with about 68,- 
000,000 in the United States. The great 
majority belong to the humpbacked or zebu 
species. The bullocks are used as draft 
animals, the cows furnish a little milk. The 
Hindus are forbidden by their religious be- 
liefs to kill the cattle or to eat the meat. As 
a re.sult, calves and cows that cannot be fed 
are allowed to perish: an appalling waste of 
animal products. 

In the countries of the southern Far East, 
as far north as the valley of the Yangtzx* 
Ri\'er in China, the zebu and th(' water 
buffalo are the only two types that can 
stand the climate. In China the great 
density of population necessitates the full- 
est possible' use of tlu‘ land for the produc- 
tion of crops suitable for direct human con- 
sumption; therefore few cattle are kept, 
and those few are used mostly for draft 
purposes. The Chinese are not restrained 
by religious scruples from keeping the cat- 
tle population within n'asonable bounds. 

In Africa, the principal cattle lands are 
the saxannas and tropical steppes of the 
Sudan and the grasslands of the^east Afri- 
can plateaus. The majority of the cattle 
there also belong to the humpbacked spe- 
cies. Among many Negro tribes cattle are 
kept only for purposes of social prestige. 
Their milk is u.scd extensively, but they are 
considered too precious to be eaten except 
on occasions of extraordinary importance. 
Over large areas of Africa, especially in the 
lowlands, stock raising is impossible on 
account of the prevalenccj of the dreaded 
tsetse fly which is the bearer of sleeping 
sickness, a disease deadly to cattle as well 
as to man. 

In tropical South America cattle raising 
is subject to the same difficulties as are en- 
countered elsewhere in the warmer regions 
of the earth. Animals of a rather inferior 
taurine type are produced extensively in 
the llanos or savannas of Venezuela and 
Colombia, but there, as in central Brazil, 
the aggregate financial returns are still rela- 
tively low. Other regions, toward the 
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margins of the tropics, produce healtliy cat- 
tle and good beef. 
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Chapter J^iine 


THE REGIONS OF DRY TROPICAL CLIMATES 


A CLIMATE MAY BE CLASSIFIED AS 
drt/ wherever the rainfall is not sufficient 
to support tree growth on the uplands. Al- 
though other factors may c'ontribute to the 
absence of trees, aridity is the fundamental 
cause for the existence of most of the tree- 
less areas in the warm climates. As 
pointed out in preceding chapters, the 
equatorial belt is rainy. On each side of 
this rainy zone, in latitudes roughly 20'’ 
to 30° north and south of the ecjuator, lie 
belts where little rain falls. (See World 
Map of Climatic Regions at end of book. ) 
These dry belts, crossed by the Tropics of 
Cancer and Capricorn, are often referred 
to as the tropical desert areas. The middle 
portions are extremely dry, in places almost 
rainless, and are bordered by semiarid belts 
which mark the transition to the more 
humid climates on either side. Equator- 
ward lie the subhumid tropical savanna 
areas, while poleward lie mostly areas of 
subhumid Mediterranean climate. On the 
basis of winter temperatures, c'onsiderablc 
portions of the poleward sections of the 
Dry Tropical Climates (4 and 5 on map at 
end of book) should have been classified 
with the areas of Subtropical climate. 
These di£Ferences in temperature, however, 
are subordinate in comparison to the main 
criterion: a high degree of aridity through- 
out all or nearly all of the year. 

From a causal point of view, the semiarid 
to arid conditions near the Tropics of Can- 
cer and Capricorn and the heavy rains in 


the equatorial regions are associated with 
differences in atmospheric pressure. While 
the equatorial belt is characterized by com- 
paratively low pressure, ascending air, and 
heavy rainfall, in the high-pressure belt 
along th(' IVopics the air generally is de- 
sc(‘nding and little rain falls. 

Where the rainfall in the Tropics suffic(*s 
to supj)ort only bunch grasses and thornv 
bush, sometimes interspersed with a few 
.scattered, \ery hardy, drought Tresisting 
trees, the climate is classified as semiarid. 
Where the rainfall is so slight that vegeta- 
tion is sparse or wanting, where the annuals 
are dormant most ol the time and the land- 
scape is characteristically brown rather 
than green, there is the desert, a product of 
the arid type of climate. Although thv 
amount of annual rainfall is not a reliable 
criterion, since magnitude of potential 
evaporation should also be taken into ac- 
count, it may be said that the deserts of the 
tropical zone generally have less than 15 
inches of rain per year, whereas the warm 
semiarid lands receive an average annual 
rainfall of 15 to 35 inches. The rainfall 
in the desert is slight and irregular and 
the landscape acquires a greenish tinge 
only for brief periods following infrequent 
showers. In semiarid lands, where the 
rainfall is somewhat heavier, the short grass 
or scattered shrub vegetation presents a 
green landscape regularly for a few months 
each year. 

Inasmuch as low rainfall is the critical 
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factor in arid and semiarid lands in both the 
low and the middle latitudes, it seems ad- 
visable to use a nomenclature that clearly 
reveals this fact. The term desert is uni- 
versally used as a term for dry lands in all 
latitudes. It seems justifiable to use the 
term steppe in similar manner for semiarid 
lands, whether they occur in middle or in 
low latitudes. 

The Tropical Steppes 

The largest areas of warm, semiarid lands 
are in Africa, where the “Sahel” of Tunisia, 
Algeria, and Morocco, the Sudanese Sahel 
and the Kalahari steppes are prominent ex- 


Kalahari ranges from a pure grass steppe in 
the southern section to mixed acacia, bush, 
and grass in the central part. Westward it 
merges into tnie desert, the Namib, while 
northward it merges into the deciduous 
forest lands of Angola and northern Rho- 
desia. 

In Australia, the semiarid belt borders 
the arid interior, being the transition zone 
between the rainier coastal strips and the 
almost rainless interior. In South America, 
the most extensive area of warm, semiarid 
land lies in eastern Brazil, where consider- 
able portions of the northeastern states, 
such as Piaui, Ceara, Pernambuco, and 
Bahia suffer from insufficient rainfall. 



Regions of dry tropical climate in Africa and adjacent parts of Asia. 
4. Tropical steppe climate. 5. Warm desert climate. 


amples of this type. The Sudan .steppe 
lands extend entin^ly across the continent, 
fn)m Senegambia to Somaliland. (See 
Ulus, above.) Although varying consider- 
ably in their aspects from place to plac*e, 
they possess the common characteristic of a 
native flora of bunch grasses, scattered 
thorny bush or other xerophytic plants, 
while along the pennanent and intermittent 
water courses th('re are some trees. South- 
ward, the Sudan steppe merges impercepti- 
bly into the tropical savanna lands; north- 
ward, it merges into the desert. The steppe 
lands of French North Africa and Libya con- 
tinue eastward into the steppes of Mesopo- 
tamia, Persia, and Baluchistan. Parts of 
these areas experience some c'ool to cold 
weather during the winter months. The 


Smaller areas occur in northern Argentina 
and .southern Bolivia — the Gran Chaco— 
and in .southwestern Ecuador. 

In North America the areas of warm, 
.semiarid steppes include parts of Lower 
California and of the Plateau of Mexico. 
(See World Map of Climatic Regions at end 
of book.) 

Since the larger areas of warm, semiarid 
steppes are in Africa and Australia, the dis- 
cussion which follows is based on condi- 
tions there. In North and South America 
conditions are broadly similar but differ in 
detail. 

General characteristics. The most 
prominent features of the warm, semiarid 
type of climate are the low annual rainfall, 
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usually less than 35 inches and often less 
than 25, and its distinctly seasonal distri- 
bution (see Ulus, below). The dry season 
lasts from six to nine months, with some 
months that are virtually rainless. Ex- 
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Tropical steppe. A^'c^agc temperature and pre- 
cipitation, Hillet Doleib, near Mulukal, Aiiglo- 
Egyptian Sudan. Altitude 1,283 feet, total pre- 
cipitation 31 inches. 

cept in the* areas j)oleward of the deserts, 
tlu‘ rainy season is gcnierally associated with 
the high-sun period of the year, while the 
drought is most intense during the low-sun 
period. The tropical savannas have a simi- 
lar seasonal distribution of precipitation, 
with summer rains and winter drought. 
The difierence between steppe and savanna 
is one of degree rather than of kind. 

Temperatures, on the whole, show a 
greater seasonal rhythm than in any of the 
more humid climates thus far discussed. 
This is due chiefly to the greater distances 
from the equator at which the dry steppe 
lands occur, although the greater dryness 
of the air is an important contributing 
cause. The hottest season of the year 
usually occurs during the high-sun season, 
just before the rains begin. There is but 
little cloudiness to reduce the intensity of 


the sunlight, and high temperatures dur- 
ing the daytime are the logical result. At 
night, in the absence of clouds to retard the 
escape of heat, radiation is rapid and rela- 
tively low temperatures usually ensue. 

During the high-sun periods the warm 
semiarid climates are characterized by vari- 
able winds and light rains, mostly of the 
convectional type. The rains are rarely 
of long duration, although they may be 
hea\y while they last. In the northern Su- 
dan, northeasterly winds prev ail during the 
dry season, blowing from the high-])rcssiire 
area of interior northern Africa toward the 
“low” which lies along the Guinea coast, a 
strong local manifestation of the trade 
winds. These dry winds gi\X‘ rise to a 
hazy, dusty atino.spheric condition, but, be- 
cause they promote ev'aporation, they feel 
cool and bring a s('nse of relief from the 
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Tropical steppe. Average temperature and 
precipitation, Daly Watcr.s, Northern Territory, 
Australia. Altitude 633 feet, total precipitation 
26 inches. 

oppressive moist heat of the rainier period. 
These northeasterlies, known as the harmat- 
tan, are sometimes referred to as “the doc- 
tor” because of their bracing or energizing 
influenc'e upon human activity. Tliis in- 
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fluence, with equally favorable results, ex- 
tends southward into the more humid areas. 

The shifting of the winds from the calms 
and variables of the rainy season to the 
steady winds of trade-wind type during die 
dry season is common for all the warm 
semiarid regions. These regions are in 
general characterized by fairly well defined 
wind shifts and accompanying moderate 
temperature changes. Nevertheless, al- 
though the weather conditions are suffi- 
ciently varied to prevent the enervating 
monotony of the humid tropical type of cli- 
mate, they can hardly be called pleasant 
and agreeable. High daytime tempera- 
tures, brilliant suns^iine rarely cloud-ob- 
scured, hazy atmosphere laden with dust, 
dry parching winds, and little rain c'onsti- 
tute a fair resume of the prevailing weather 
of the semiarid tropical lands. 

Native vegetation and animal life. 
The ground zone of \egetation is low, con- 
sisting of grasses and low xerophvtic shrubs, 
eitluT or both, with bare ground showing 
c'onspicuously in j)laees. (See pj). 86-88.) 
The grasses are mostly of tlic bunchy types, 
rather coarse stemmed, although in some 
areas fine short species thrive, providing 
forage* for numbers of grazing wild animals 
such as gazelles and antelopes. The 
ground zone of vegetation is surmounted in 
many places by scattered bush or even 
occasional small clumps of low, thorny 
trees. The shrubs are characteristically 
thorny, and the term “cat’s claw,” often 
used in describing them, is truly expressive. 
In general the lea\'es are small and leathery, 
so constructed as to conserve moisture and 
at the same time carry on the processes of 
transpiration and tissue building. The root 
systems are shallow but extensive, thus 
being adapted for rapid absorption of such 
soil moisture as becomes available after the 
showery rains. On the uplands the land- 
scape presents broad views when observed 
from low hills or other eminences. Al- 
though the water courses are dry most of 
the time, tree growth and thorny bush 
along them are plentiful because of the 
supply of ground water. These strips of 


bush and forest may be junglelike in their 
density. The bark of the trees usually is 
thick, the leaves are narrow, and spines and 
thorns are numerous. The wood generally 
is hard, with twisted or gnarly structure, 
which makes it difficult to split or saw the 
logs into boards. 

In most places the warm semiarid steppes 
have some sort of timber well suited for 
such simple t'onstruction purposes as build- 
ing huts for people and cwrals for livestock. 
Acacias and various tree cacti are common 
and useful for such puqwses. The fuel 
needs are not great, and the supply of tree 
and bush is usually ample. Grazing is the 
most ecmiomic use that can be made of the 
land, the type of grazing being dependent 
upon the quality of feed available. Edible 
shrubs are the chief forms of vegetation, 
and sinc(* they are not abundant, only goats 
and camels prove successful. On the other 
hand, where grasses abound, together with 
the more palatable species of shrub and 
bush, sheep are favored. The old adage, 
“goats on the lean lands, sheep on the fat 
lands,” is quite literally fulfilled in man’s 
use of diy steppe lands for grazing pur- 
poses. 

Soils, As the rainfall in regions of warm 
semiarid climate is insufficient to produc*e 
heavy leaching, the soils are generally rich 
in lime and other minerals, and therefore 
belong to the pedocalic group. The color 
ranges from chestnut brown to gray as 
desert conditions are approached. In some 
areas, where grasses are abundant, soils so 
dark as to resemble chernozems have been 
found. Where leaching is slight, there is a 
tendency for sodium salts to become con- 
centrated in the upper parts of the profiles 
of semiarid soils, this tendency being more 
pronounced as aridity increases. Where, 
owing to topography, the ground-water level 
is near the surface, saline or alkaline soils 
may occur. 

Where rainfall is so low that near-desert 
conditions prevail, the soils are generally 
immature because of incomplete chemical 
weathering and unfavorable conditions for 
organic activity. The colors are usually 
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grayish, often light. Such soils are rich in 
mineral constituents — in many cases exces- 
sively so, with resultant alkali conditions — 
but they are deficient in humus. 

On the whole, however, the soils of the 
steppes average fairly high in potential pro- 
ductivity; their mineral content is ample, 
their structure is stable, and they are easily 
tilled. The problem of agricultural pro- 
duction is one of water supply rather than 
of soil fertility. 

Agricultural practices and possihilities. 
The warm semiarid lands are natural graz- 
ing grounds. The native animal life is 
either fleet footed or fleet winged and thus 
is able to move rapidly and over long dis- 
tances to obtain water. The exceptions — 
that is, those species that an' not swift of 
foot or wing — are well protected by thick 
skin or scales, so that existence with little 
water is possible. Tlie warm steppe is the 
land of the antelope family, which is able 
to subsist on the moisture found in grass 
and in leathery leafed shrubs when other 
water supplies fail. In southern Africa 
part of it is known as the veld, which oiic*t* 
harbored multitudes of gembok, wilde- 
beest, and hartebeest. Insect life is abun- 
dant. The warm semiarid lands of Africa, 
Australia, and of northern Argentina are 
noted as being the breeding places for 
hordes of locusts, which swarm into more 
humid sections during dry years, causing 
heavy damage to crops and native vege- 
tation. 

Wherever man attempts to develop eco- 
nomic pursuits in the warm semiarid lands, 
he must either adapt himself to the climate 
and native plant and animal life or he must 
overcome whatever handicaps are encoun- 
tered. In the areas where moisture is suf- 
ficient, or where it is provided through irri- 
gation, some crops can be grown, as, for 
example, sorghums, millets, and barley. 
Thus, grain for food and for feed can be 
rovided. In general, however, there is 
ut little grain farming in the warm, dry 
lands of the world; some form of herding is 
the dominant economic pursuit, and most 
people are nomads. Small-scale cultiva- 


tion can produce a valuable harvest only 
where conditions permit relatively large 
yields per acre, and these are not possible 
when rainfall is deficient. In some places 
people carry on quite well during periods 
of relatively heavy rains; then when a pe- 
riod of drought follows, with attendant 
sparseness of grass and failure of crops, 
migration becomes necessary. Whole clans 
with their herds and flocks go on the move 
— the centuries-old trek for water and grass. 

Extensive development of the semiarid 
tropical lands must await the tim(' when 
the increased population of the world will 
have utilized the humid sa\'annas and wh(‘n 
man will have to be satisfied with the less 
desirable areas. Then choice will have to 
be made between the dense jungle and the 
rain forest of the equatorial belt on the one 
hand and the stMniarid steppes on the other. 
From the standpoint of middle-latitude de- 
mands, the chanc*es favor the warm wet 
lands because their products cannot be 
duplicated in the cooler lands, whereas the 
animal products of the warm semiarid 
countrii's do not differ greatly from those of 
cooler climes. For example, bananas, coco- 
nuts, and cacao, products of the warm hu- 
mid lands, have no competitofs in the 
northern markets; on the other hand, prod- 
ucts of the warm dry lands, such as tropical 
goats, sheep, and cattle, have no such 
monopoly, but must meet the direct com- 
petition of their kind produced in cooler 
climates and generally under more favor- 
able conditions as to environment and 
markets. 

The Warm Deserts 

It is estimated that 12 to 15 per cent of 
the land area of the earth is dry desert. 
The climate map shows clearly that the 
largest extent of dry deserts lies in the rela- 
tively low latitudes and that most of the 
great deserts lie in the vicinity of the two 
tropics. From a climatological point of 
view we may say that their location is pole- 
ward from the tropical semiarid lands and 
that the deserts constitute a sort of dry di- 
vide between the rainy lands of the low 
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latitudes and those of the middle latitudes. 
(Sec No. 5 on World Map of Climatic Re- 
gions at end of book, and also Illus. p. 
143.) 

As stated at the outset of this chapter, the 
term desert is not limited to lands wholly 
devoid of vegetation. It includes also areas 
where the vegetation is dormant most of 
the time and where the landsc'ape is char- 
acteristically brown, although occasionally 
rains may turn it into brilliant green and 
cause it to become flower-bespriiikled for 
short periods. The true deserts are rocky, 
gravelly, or sandy wastes, but as ordinarily 
used the term is somewhat more inclusive. 

General characteristics. The rainfall in 
the desert is irregular as to occurrence and 
torrential as to volume. At a given place, 
Tnonths, even vears, may elap.se during 
which no rain whatever falls. Occasionally, 
however, sufficient moi.sture may be in the 
air so that, under the influence of rapidly 
ascending convectional currents, thunder 
clouds may develop and heavy showers of 
rain result. Since life in the desert is 
adapted to aridity, great damage is .some- 
times done by such rains. A place which 
has had no rain for several years may re- 
ceive three or four inches within a few 
hours. For a short time rain may fall in 
torrents, producing a veritable ‘cloudburst” 
which quickly inundates the flat lands, 
changes dry stream beds into raging water 
tK)urses, and destroys earth houses in which 
the natives dwell. The French soldiers 
stationed in the Sahara have strict orders 
never to camp in the wadis ( the dry stream 
channels ) because of the danger of sudden 
catastrophes of this kind. But the rain- 
storms are short lived. The clouds quickly 
disappear, brilliant sunshine returns, and 
soon the landscape again presents the shift- 
ing hues of the desert. 

Temperatures and winds are subject to 
similar fluctuations. The changes in tem- 
perature from day to night are great and 
commonly are as much as 40° or 50°F. In 
winter, night temperatures may occasion- 
ally drop close to the freezing point. This 
violent daily range is a source of discomfort 
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to man and beast — ^roast at midday, freeze 
at midnight. (See Illus. below.) 

While the ab.solute humidity often is not 
particularly low, the average relative hu- 
midity commonly lies between 30 and 50 
er cent and during the daytime may drop 
elow 20. The occasional strong winds are 
perhaps the greatest source of discomfort 
experienc'cd. These winds, low in mois- 
ture, of high temperature, dust and sand 
laden, cause parched skins and cracked lips 
for those not hardened to them and discom- 
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Tropical desert. Diagram of temperature and 
precipitation for In-Salah, Sahara. Altitude 
1,080 feet, no precipitation recorded. 

fort in varying degree to man and beast. 
The hardships of travelers who encounter 
.severe sandstorms are quite well known, 
but it is not so generally understood that 
moderate winds rather than gales are most 
common in desert areas. The bare rock 
wastes or hot sands give rise to uneven 

f )ressure and unstable conditions in the 
ower strata of the air. Thus, currents 
develop and the rapid movement of air near 
the surface from one place to another often 
gives rise to variable wind directions. 
Where the desert reaches its full develop- 
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ment as an expanse of bare rock (liam- out, it changes to gray again, an indescrib- 
macla) or pebble pavement (“reg’), or in ably soft and mistj gray, like smoky chiffon 
the case where it is slightly friendlier to man over silver tissue. ' ^ 
as in the areas of sand dunes ('erg’), it With minor changes as to detail, this de- 
always has associated with it the lure of scription so vividly given tor the Sahara 
ever-changing landscape. Thus, the desert would fit any of the other great deserts — 
has been the place where man could experi- the Arabian, the Thar, the great desert of 
dice Nature’s unbridled forces, and from it Australia, the Namib, or the Atacama. The 
have c^)me .some of the most eloquent por- centers of these areas are mostly barren 
trayals ol landscape* ever penned, among wastes, but from those centers outward 
them the following: there is a gradual change from bareness of 

"The Sahara, though frc'quently tawny vegetation, through scattc'red bush and 
in spots, runs through the whole gamut of shrub, to the more richly clothed grass and 
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Sand dunes in the d<*s(‘rt t)f Saudi Arabia. Note oil derrick and tanks in background. 


colors. In the early morning it is a dirty 
bluish gray, of much the same tone as the 
refuse from a soda-ash manufactory; but 
as the sun rises it becomes a dazzling white, 
like drifted snow, so glaring that the eyes 
must be protected with tinted glasses. Un- 
der certain atmospheric conditions, how- 
ever, I have seen the outcropping rocks of 
the liamimda become as red as the walls of 
the Grand Canyon. But the desert assumes 
its loveliest tints with the approach of night- 
fall, when it gradually changes from white 
to vivid orange, to blue, to amethyst, to 
deepest purple. Then when the stars come 


tree steppes. The heart of the desert, the 
true wasteland, is without human perma- 
nent occupance; it is a place to be traversed 
if need be, but not to be lived in. 

Utilization of desert lands. Human 
occupance of the land, except in oases, be- 
gins where grass meets sand or rock waste 
— ^the edge of the true desert. This edge is 
a transition zone of varying width where 
some verdure is found but where the rainfall 
is so scarce that the classification of desert 

^ Powell, E. Alexander, In Barbary, D. Applelon- 
Century Company, New York, 1926. 
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still holds true. The transition zone ad- 
vances from the desert in dry years and 
recedes when years are wetter than normal. 
There, at the edge of the desert, man pushes 
ahead with the rains and retreats with their 
absence. This is the zone of mobility. 
When moisture comes, plants flourish, and 
man prospers because flocks of goats or 
sheep can make use of the pasturage. 
When rains fail, grass fails, and man and 
his flocks must move on to other pastures. 
Tlie edge of the desert is the realm of the 
nomad. 

The nature vegetation. The native 
plants at the desert s edge are highly special- 
ized to conserve and utilize moisture when it 
is available. This specialization is observ^- 
able in the root systems, in the leaf and stem 
structure, and in the distribution of the 
plants. Most perennials have roots that 
may penetrate scores of feet downward in 
the search for water. Other root systems 
are shallow and intricate, and when the 
occasional dashing rains c*ome, this intricate 
iK'twork of roots springs into action and 
literally drinks up the water before it has 
time to escape by evaporation into the at- 
inosphen;. Plants, such as the cacti, have 
developed thick roots and fleshy stems and 
leaves by means of which they conserve the 
needed inoi.sture. A large percentage of 
the plants are equipped with leaves and 
stems which have glossy skins, sometimes 
underlain with corklike zones; such struc- 
tures retard evaporation and cause a little 
water to last a long time in .supporting the 
circulation of the plant. Furthennore, 
plants grow far apart, thus allowing more 
room for the roots of each. I'hese types of 
vegetation furnish sustenance for pasturage. 

Soils, Desert soils rarely develop dis- 
tinct profiles such as are characteristic of 
soils in humid areas. In de.serts the actual 
weathering is mainly physical; because of 
the lack of water, chemical weathering is 
slow, notwithstanding the high tempera- 
tures which prevail in the tropical latitudes. 
As a result of deflation processes, sands, 
rather than clays and silts, are dominant, 


finer materials having been carried by 
winds to surrounding, more humid areas. 
Clayey material is washed together into 
salt flats (Selkas) which often contain high 
concentrations of various salts. Since the 
land surface lacks the protection of a con- 
tinuous vegetative cover, wind erosion is 
marked; desert pavements, consisting of 
rock platforms or rock fragments from 
which the finer materials have been swept 
away by wind action, are well-known fea- 
tures of deserts. In other cases, areas of 
shifting sand make up the land. There the 
landscape takes on a billowy appearance 
without distinct markers and henc'e is often 
referred to as a trackless waste. Camels, 
because of their remarkable ability to cross 
.such areas, have aptly been called “ships of 
the desert.” 

Desert soils are commonly gray, but red 
soils also occur in a number of places, espe- 
cially where the bedrock consists of red 
.sandstoiu\ The .soils of the desert are usu- 
ally rich in soluble minerals because the 
light rainfall which occurs results in little 
or no leaching. In shallow depressions, 
where water may gather following heavy 
showers, the soils are often so crinsted with 
mineral salts that they are unproductive 
even under irrigation. Excess of sodium 
salts in desert .soils is common and is re.spon- 
sible for many of the “alkali” soils encoun- 
tered in desert areas. 

In dry lands agricultural productivity is 
dependent chiefly upon stability of the soil 
and available moisture. Most desert soils 
are sufficiently rich in mineral content, but 
they are subject to wind erosion and are 
deficient in moisture. Soil stability and 
water supply are the requisites for depend- 
able production. 

Agricultural industries. There are two 
phases of desert agriculture: grazing live- 
stock, and, in the scattered oases, crop farm- 
ing. Local oases occur where there are 
wells or springs or where shallow under- 
ground waters of the wadis sustain plant 
growth. In some sandy lowlands the 
ground water is so near the surface that it 
may be made available for plants if a few 
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feet of the dry surface sand are removed. 
In such manner true sunken gardens are 
produced, and the principal work of culti- 
vation is to keep the inblowing sands from 
covering and smothering the vegetation, as 
in the Souf region of southern Algeria, east 
of Touggourt. The lowlands along the 
lower course of the Nile, where lands were 
formerly irrigated by overflow but are now 
watered largely by directing ditches, is one 
form of oasis, perhaps the most extensive 
as well as the most unusual type. 

Dale production. The principal com- 
mercial crop of the desert is the date. The 
date palm is perhaps the oldest known culti- 
vated fruit tree in the world. The early 
records of the Sumerian and Babylonian 
peoples in the Tigris and Euphrates valleys 
show that it was widely tended by farmers 
several thousand years before Christ. The 
technical name of the date palm is Phoenix 
dactylifcra. Its optimum habitat is in 
warm lands with practically no rain, but 
where irrigation is possible or where ground 
water is available. It is a tree of the oasis 
rather than of the waterk'ss descTt. It is 
probable that in Assyrian times some wise 
observer discovered the art of artificially 
pollenizing the date palm and thus achieved 
one of the earliest advances in scientific 
agriculture, an achievement which has con- 
tinued to be of great importance ever since. 

The Arabs introduced the palm and the 
art of its cultivation into Spain. The Span- 
ish missionaries brought the seed with them 
to Mexico and California and under favor- 
able conditions produced dates succes-sfiilly, 
thus initiating a practice which has de- 
veloped into a sizable modern industry in 
the Coachella Valley of southern California. 

The centers of large-scale production of 
dates have, however, remained in the East. 
In French West Africa dates are essential 
for the successful operation of the caravan 
routes. They make up the principal crop 
of the scattered oases and constitute the 
chief cash crop available for commercial 
purposes. In Algeria, Biskra has become 
an important date market. Also Tunisia, 
and especially Egypt, are important pro- 


ducers. The lands around the Persian Gulf 
and Gulf of Oman constitute the major date- 
producing center of the world. In Oman 
the fruit is raised by irrigation along the 
coastal valleys in such abundance that it has 
become the leading export commodity. In 
Iraq, date gardens are found in the fertile 
irrigated lowland along the Tigris and 
Euphrates rivers. The date is valuable as a 
local food and as a ca.sh crop. Bagdad and 
Basra are the chief export centers for the 
Mesopotamian and adjacont Persian areas. 

The date has long been recognized as 
essential in the scheme of desert agriculture. 
It is claimed that Mohammed was careful 
to teach this lesson to his followers, and 
that at one time he said to them: “Be good 
to your Aunt th(‘ Palm, for she is made of 
the same clay that you are.'" They liav(* 
been watchful e\'er since, even in war, no 
matter how severe the conflict, that the date 
palm should not be injured. Thus does the 
desert dweller pay homage to his staff of 
life, the date palm! 

Herding. The native animal life of the 
desert shows specialization in conserv'ation 
of water similar to that of the plants. Ani- 
mals are either slow moving, tl/ick skinned 
and plated with bony armor, and furnished 
with extra water pouches, or they are so 
swift moving that they may quickly migrate 
from dearth of water to where it is plentiful. 
The homed toad and the Gila monster are 
examples of the former type, while the 
gazelle typifies the latter. 

Among domestic animals the camel is the 
classic example of adaptation to the desert. 
He can eat coarse feed because he has lips 
equipped with skin that is nearly as hard 
and tough as the leather used for shoe .soles; 
with those lips he can browse thorny bush 
and, in finger-like fashion, reach into crev- 
ices in the rocks for choice bits growing 
there. When he encounters a storm, he can 
a)nstrict his nostrils to small-size apertures 
wherein a sieve of hairs strains out sand and 
dust from the air he breathes. He has eye- 
lids eejuipped with double shutters to pro- 
tect the orbs from the driven sands. The 
African camel has soft feet with wide sur- 
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faces that prevent sinking into the sand. 
His stomach is adapted to storing extra 
water for a period of several days. And 
for long joiinieys, when feedstiifts may be 
scarce, he has the humps on his back which 
serve as an extra feed supply upon which he 
may draw for bodily energy — a sort of 
extra gasoline tank for the animated desert 
motor! Is it any wonder that the camel 
has, through the ages, been man’s chiel re- 
liance for transport over arid and semiarid 
lands? (See Ulus, below.) 

Today, howe\er, the camel is in process 


tive basis of wealth are the sheep and goats. 
In most desert areas, cattle do not prosper; 
the herbage is neither plentiful nor succu- 
lent enough for their needs. Sheep and 
goats* have developed resistance to scarcity 
of water and tolerance for rough feeds far 
beyond that of cattle, therefore they ac- 
company man farther into the lands of 
hardship and furnish sustenance where 
without them he could not survive. 

Most land that is good for nothing else 
will, without man’s intervention, grow some 
kind of plant that some kind of animal will 



Statidanl Oil Co , N T 


Cara\an ol caiiicls Ar.iliian Dt‘s(*r1 Oiled lo.id lends In liolcl sand in loaclhed Noli* oil tanks in 

dislanee 


of being displaced by the airplane and the 
automobile. For example; it is possible to- 
day to buy a bus ticket in Colomb-Bechar in 
Southern Algeria, and five and a half days 
later arrive on the other side of the Sahara 
desert, in Gao, a city located east of Tim- 
buctu. Other bus lines connect such oases 
as Ouargla, El Golea, In-Salah, and Ghat, 
while in the winter season there is another 
Trans-Saharian bus line from Alger to Zin- 
der, just north of the northern boundary of 
Nigeria. Several airlines regularly cross 
the Sahara. 

The flocks which constitute the produc- 


eat. SincT that is true at the edge of the 
desert, the herdsman is at home there. On 
the comparatively fat land he raises sheep; 
on the leaner lands, he must rely on animals 
that will utilize feeds so cxiarse that the 
.sheep spurn them. There, the goat is the 
cho.sen one upon which man must depend. 
We laugh at the goat for his great and 
varied dietary habits, but these are prized 
abilities in the land of little rain and scant, 
coarse herbage (see Ulus. p. 152). 

The animal industries consist of produc- 
tion of animals ( 1) for power and transport 
— camels, horses, and donkeys — ^and (2) 
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for food, clothing, and shelter — sheep and 
goats. At the edge of the desert, donkeys 
outnumber horses and goats outnumber 
sheep. The camel is the means of long- 
distance transport; the donkey is the “small 
car” for short hauls; the horse is the symbol 
of aristocracy, the Rolls-Royce of the desert. 

Desert mode of life. The dweller on the 
margin of the desert is of necessity a nomad 
— ^lie has no choice in the matter. Rains are 
uncertain as to time and place of occur- 
rence; intervals between rains may be 
weeks, months, or even years. Whcai the 



Goat magnate’s home These gouts p<isture in 
adjacent tliornv bush slope lands. They are 
turned loose in the iiKuning to seek pasturage and 
of their own volition return to their owner’s pens 
before the sun sets. 


rains do come, the dormant vegetation 
promptly responds; bush and grass quicken 
into green life for a while, only to lapse 
again into dull gray and brown when the 
refreshing influence of the moisture wanes. 
In order to utilize the vegetation, animals 
must be able to browse short grass, brush, 
and shrub, as occasion offers. For this 
reason the desert dweller must build on the 
basis of grazing. 

People at the desert’s edge are rovers not 
because they are different in inherent quali- 
ties from other people; on the contrary, they 
are quite similar. They are nomads be- 
cause of the inborn will to live; if they 
would live, they must roam with the flocks 


that feed them. The laborer at the blast 
funiace, the farmer in his field, and the 
salesman at the counter carry on their duties 
in their different lines for the same reason — 
that they may live and enjoy the available 
comforts of life. On the desert s edge the 
nomad follows the shifting rain belt, adapts 
himself to the changing environment, and 
overcomes the obstacles involved in the 
stmggle, proud in his own achievement and 
perhaps a bit scornful at the ease that he 
considers to be the lot of the sedentary 
dweller. 

Tlie differentiation of labor is sharp; men 
are the herdsmen and the fighters; women 
till the soil at times when such occupation 
is fiossible, and they carry on the home in- 
dustry. The flocks give wool and hides; 
these are the chieff bases of the household 
arts. Tannin-producing plants make pos- 
sible one of the most skilled arts in the 
world, the making of Morocco leather. The 
fine and strong fleece of sheep and goats is 
the raw material for making shawls and rugs 
of world-wide fame. The women, working 
patiently with hand spindles and looms, 
weave shawls and rugs noted for thejr dura- 
bility and also for their unexcelled artistic 
beauty. The rugs thus made arc objects 
useful in the domestic life of the nomads; 
they serve as floor covering, over the desert 
sands, and as couches and beds, taking the 
place of both mattress and ewer. They 
combine utility with high v alue, little bulk, 
and ready mobility — desirable qualities for 
those who must always be ready to move on. 

The general tendency is for the desert 
dwellers to raid the cultivated agriculture 
at the desert’s edge. There are grown the 
grain and fruit that the nomads in their 
own habitat lack or can produce only in 
small quantities at cost of much labor. If 
the raids are prevented, as is the case when 
organized government is established, then 
at the desert’s edge there become estab- 
lished market places where exchange of 
products is carried on, where the nomad 
and the farmer can trade to the advantage 
of both. These markets naturally flourish 
best along the major trade routes, and the 
cities which develop there become outfitting 
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centers for the caravans which cross the 
desert expanses. Such cities are pictur- 
esque in their \’aricty of products and of 
peoples. There the market places exhibit 
dates and grains, barley and melons, hides 
and skins, and on the streets are seen the 
keen-eyed traders, the sturdy farmers, and 
the dashing Bedouins. 

Where people cannot depend on remain- 
ing in one place, individual property values 
cannot centcT upon land, and so flocks are 
usually the criteria of wealth. Real estate, 
as such, does not and cannot permanently 
belong to any individual but is often held 
to be the property of the tribe. I'hus, the 
idea of property rights is one of continual 
vigilance, constant mobilization for defense 
or attack. The land belongs, for the time 
being, to the tribe that holds it and, if 
necessary, fights successfully to keep it. 
Barley, the product of most favored spots, 
is the common breadstuff. The desert no- 
mad camps by the field because he must 
k('ep marauders away if he would eat bread. 
In times of scarcity he exemplifies the 
axiom, “Self-preser^'ation is the first law of 
nature.” Since the democratic ideal of 
share and share alike would give none 
enough to \i\L\ he survives by taking all he 
can — those not successful in taking, perish. 

The occupations of men — herding, hunt- 
ing, fighting — are dangerous, and hence 
mortality is high. Thus, there is a surplus 
of women in a social group wherein there is 
no opportunity of employment as stenog- 
rapher, clerk, nurse, teacher, social secre- 
tary, or any of the other numerous openings 
that are available for women in the more 
advanced civilized c*ommunities. If women 
would survive they must be attached to 


households, and so polygamy results, an 
adaptation to the conditions under which 
existence must be maintained. 

On the whole, the desert’s edge is a task- 
master with sharp requirements for those 
who survive. It produces a people strong, 
fearless, and virile. These are the charac- 
teristics most conducive to success under 
the c'onditions which prevail where desert 
brown and grass green intertwine, bec*ause 
th(Te man must be able to move quickly, to 
run and to ride; in this contest, lean men 
survive because fat men can neither run nor 
fight. 
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Chapter Ten 


THE REGIONS OF MEDITERRANEAN 
CLIMATE AND THEIR PRODUCTS 


Poleward from ihe tropical cli- 
mates are areas where most of the months 
are warm but where there is a short winter 
season, cool and with occasional frosts. 
Because of the lower average annual tem- 
peratures and the existence of a cool season, 
these climates are called subtropical rather 
than tropical. 

In the subtropical regions temperatures 
show a marked seasonal rhythm, and hence 
we find the terms winter and summer in 
common use. In this discussion, subtropi- 
cal climates are defined on the basis of the 
average temperature of the coldest month — 
which is more than 43°F. (6°C.) but less 
than 65°F. (18°C. ), with possibility of oc- 
currence of frost. Whereas the cold limits 
of these areas may have frost-danger periods 
up to four months in length, the warm 
limits in some years may not have any frosts 
at all. In other words, in the different 
parts of the subtropical belt the annual 
frost-free period, often called the growing 
season, varies in length from nearly a full 
year to slightly more than eight months. 

There are pronounced differences be- 
tween subtropical climates of the eastern 
and the western parts of the continents. In 
the subtropical belt, particularly in winter, 
the air masses bring rather stable oceanic 
temperatures to west coasts and variable 
continental temperatures to east coasts. 
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Thus Los Angeles, California, has a difier- 
enc‘e of onlv 16 between the mean tempera- 
tures of the coldest and wanne.st months 
(55°F. in January, 71‘’F. in August), while 
Charleston, South Carolina, has a range of 
31 degrees (50°F. in January, 81 "F. in 
July). Similarly, Madeira, in the east At- 
lantic, has a range of 13 degrees (69 ”F. in 
January, 72*' F. in August), while Hongkong, 
China, has a range of 23 degreed (59°F. in 
February, 82 '’F. in July). As a result, the 
mild winters of the western subtropical 
climates extend farther poleward than do 
those of the cast coast subtropical climates. 

Rainfall contrasts between west and east 
coasts are even more striking. The west 
has a rainless summer, while the east has 
rainfall at all seasons or, in the case of 
southern China, a pronounced summer mon- 
soon maximum of rainfall. Los Angeles 
has a period of about 5 months, from early 
May to late September, with no rainfall 
whatsoever in most years. The driest 
month at Charleston, South Carolina, has 
1.8 inches of rainfall on the average. The 
storms from the Pacific pass to the north of 
California in summer, and particularly dur- 
ing June, July, and August fairly strong and 
constant southeast winds blow over the 
adjacent ocean. As these winds are parallel 
to the shore, they do not cause precipitation. 
Besides, they constitute the beginning of 
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the northeast trade-wind system of the 
North Pacific, and the trade winds, blowing 
from higher to lower latitudes, or from 
cooler to warmer areas, generally cause 
dry conditions. In southeastern United 
States the effects from storms farther north 
are felt even during the summer months, 
while also part of the northeast trade winds 
of the West Indies are deflected northwest- 
ward, toward the southeasU'rn coasts of the 
United States, owing to prevailing low pres- 
sures in the interior. This reversal of direc- 
tion results in some cooling and precipita- 


tion, especially after the air masses reach 
the coastal area. 

In the Mediterranean region, which is 
more typical than California, the roots of 
the trade-wind system prevail in the sum- 
mertime with rather constant northwest, 
north, and northeast winds, while during 
the winter months the weather is governed 
by locally developed lows and by air masses 
entering the Mediterranean through France 
and southern Spain as part of the northern 
cyclonic circulation. The summer winds 
cause dry weather, except where they hit 
mountain ranges, while the winter circula- 


tion causes precipitation. The west coast 
climate is called summer-dry subtropical or 
Mediterranean climate, while the eastern 
type is called humid subtropical or, in the 
United States, the cotton-belt climate. 

Distribution and Characteristics of 
the Mediterranean Climate 

The Mediterranean type of climate 
reaches its most extensive development 
along the margins of the Mediterranean Sea, 
from southern Portugal and Spain to Pales- 


tine — an east-west stretch of over 2,000 
miles (Ulus, above). Other regions of the 
world where similar climatic conditions exist 
are smaller but nevertheless important 
seats of human activity. Such regions ex- 
ist in southern Africa, southern Austra- 
lia, central Chile, and California. In 
California the area with Mediterranean 
climate embraces the southern coastal re- 
gion and the major part of the Valley of 
California. In South America this climate 
is typical for the central part of Chile, be- 
tween the 32nd and 37th parallels, a strip of 
land about 500 miles long and 200 miles 
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wide. However, within the area the An- 
dean slopes, constituting a belt with a width 
of about 50 miles, are of little agricultural 
significance. Also the Coast Range, with 
an average width of 20 to 25 mik's is of 
limited use. Thus the economicnilly im- 
portant part of the area is restricted to the 
central valley. Even here spurs of the 
Andes and of the Coastal Range further 
limit the amount of level land suitable for 
agriculture. Nevertheless, this region, due 
to early occupation and irrigation is the most 
important part of Chile. In Africa the re- 
gion with Mediterranean climate is a small 
area near Capetown; in Australia it em- 
braces the coastal regions near Perth, West- 
ern Australia, and near Adelaide and Port 
Aiigu.sta, South Australia, as well as a ])or- 
tion of Victoria. (See World Map of Cli- 
matic Regions.) 

Rainfall and temperature. The amount 
of annual rainfall differs considerably from 
region to region, but for the mo.st part it 
is about 25 inches or less. On the whole, 
rainfall decreases from the poleward mar- 
gins which adjoin more humid lands toward 
the warm deserts of lower latitudes. Thus 
San Diego, California, has only 10 inches 
of rainfall a vear, while San Francisco, 350 

a 

miles farther north, has 22 inches; Jerusalem 
has 10 inches less rain than Rome, 1,0(X) 
miles farther north. The rainfall, therefore, 
approaches humid conditions at one margin 
and arid conditions at the other. The dis- 
tinctive feature common to all areas of 
Mediterranean climate is the rainy winter 
and dry summer. Palermo, on tne island’*’ 
of Sicily, southern Italy, has a total annual 
rainfall which is not particularly large and 
a pronounced dry season in June, July, and 
August (Ulus, right). 

In temperatures, too, diflFerences are pro- 
nounced within the areas of Mediterranean 
climate. Poleward and inland from the 
coasts, frosts are more frequent and severe 
than equatorward and seaward. Differ- 
ences in altitude also are important; as ele- 
vation increases, temperature falls. In the 
Mediterranean area many of the mountains 
are so high, and temperatures as a result 


are reduced so much, that they cannot be 
considered as having a Mediterranean cli- 
mate. Thus, much of the Apennines Moun- 
tains, particularly the high Abruzzi, the 
Sierra Nevada, the Dalmatian Mountains, 
the Pindus chains of Albania and Greece, 
or the Atlas Mountains of North Africa have 
climatic conditions which differ greatly 
from those in the adjacent lowlands. Nat- 
ural vegetation, soils, and crops also differ 
considerably. 

These mountain barriers often afford 
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Dry subtropical climate. Average temperature 
and precipitation, PaltTino, Sicily. Altitude 213 
feet, total precipitation 30 inches. 

protection from cold winds, thus accentuat- 
ing the Mediterranean character of the 
areas at their foot. The Alps and Cauca- 
sus, for example, shut out effectively the 
cold air masses that in winter often lie over 
southeastern and central Europe. Just 
south of the mountains are many sheltered 
spots where winters are mild and sunny and 
where those in search of health or pleasure 
may escape the damp, raw, dreary winters 
of the north. The French and Italian Ri- 
viera, the Italian lake region, and the Dalma- 
tian coast, like our own southern California, 
are such sheltered spots of winter tourism. 
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Temperatures likewise reflect the fact 
that the oceans have more stable tem- 
peratures than the continents. Thus at 
Eureka, on the Califoniia coast, the warm- 
est month is only 9° warmer than the coldest 
(47°F. January mean, 56°F. July), while 
at Redding, 100 miles inland, the difference 
is 37° (45°F. January mean, 82°F. July). 
With all their local differences, tempera- 
tures do have the common trait of a short 
cool season and long warm season, and in 
most places a frostless period lasting more 
than nine months. 

Winds, Daring the winter, the winds, 
like the other weather elements, are as- 
sociated chiefly with the masses of marine 
air that move in from the west. In Cali- 
fornia, southerly winds, often with rain, 
predominate as an air mass approaches the 
coast. As the front of the mass passes, the 
wind may be gusty and variable, followed 
by a northerly wind usually accompanied 
by clear, cooler weather. This sequence of 
winds, often including a period of c*iilni, 
may have innumerable variations. The fre- 
quency and duration of storms is greatest 
toward the poleward limits of the subtropi- 
cal climates; some of the storms miss the 
equatorward portions of Mediterranean 
areas, and those that reach there may be of 
brief duration. 

Occasionally, a mass of cold, dry conti- 
nental air, with high pressure, may en- 
croach upon the area. Sudden influxes of 
cold winds in the winter half of the year 
are notorious features of Mediterranean 
areas. In central France a cold wind, 
known as the mistral, occasionally sweeps 
violently southward to the Mediterranean 
seacoast through the natural corridor of 
the Rhone Valley. A similar wind, the 
bora, descends violently through the gap 
between the East Alps and the Dinaric Alps 
into northern Italy and the Adriatic. In the 
days when navigation depended upon small 
vessels using sails, the mistral and bora 
were dreaded by navigators. 

Hot, dry winds sometimes blow into the 
areas of Mediterranean climate from the 
deserts that lie equatorward. For example, 


such winds may carry parching desert air 
and clouds of dust from the Sahara desert 
northward across the Mediterranean to 
southern Europe. In Sicily and southern 
Italy this wind is known as the sirocco; in 
Spain, the leveclie; in north Africa and 
Syria, the simoon; in southern California, 
the Sa7ita Ana, The approach of the si- 
rocco is heralded by a haze over the south- 
ern horizon; the haze gradually overspreads 
the sky, and the storm breaks with a burst 
of wind, dust, and sand, lashing the sea to 
fury. The relative humidity may drop to as 
low as 10 per cent, and the dryness may 
ruin the crops of olives, vines, and other 
fruits if the stonn comes during blossom 
time. Tile sirocco may last a few hours or 
for two or tlirec days. 

The renowned colorful sunsets of Medi- 
terranean areas are the result of fine dust 
blown high into the air during the long dry 
summers. The coloring is most striking 
where the dust is very fine, as in the volcanic 
areas of Italy. The Mediterranean Sea 
serves as a great mirror to emphasize the 
sunset colors. The sunsets are a distinct 
economic asset for tourist agencies. 

Native vegetation. The totality of cli- 
matic c*onditions is reflected in the native 
plant cover of an area. The characteristics 
of the Mediterranean climate that most pro- 
foundly affect the vegetation are as follows; 
( 1 ) rain falls abundantly in the winter half 
year, especially on exposed slopelands and 
in the parts of the subtropical belt farthest 
from the Equator; (2) summer is a period 
of complete or partial drought; (3) the 
winters are mild and the summers warm to 
hot. 

The most obvious effect of these climatic 
conditions is to produce a carpet of brilliant 
green in winter and of subdued brown to 
yellow in summer. Many trees and shrubs 
are evergreens which are able to grow at 
least during part of the winter season and 
the spring. During the summer months, 
however, they are exposed to the burning 
sun and therefore have developed protec- 
tive devices against extreme loss of mois- 
ture. As a result, most evergreens have 
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hard, leathery leaves, often thickly set with 
fine hairs further to restrict evaporation. 
Many deciduous perennials have only very 
inconspicuous leaves, green stems, and long 
thorns that take over the leaf function 
( Ulus, below ) . Annuals can exist only dur- 
ing the rainy season. Grasses and low 
flowering plants begin to grow after the 
first rains in the fall, from bulbs or seeds; 
they bloom in early spring, ripen seeds, and 
then wither with the advent of the dry, hot 
summer. 

Trees grow widely scattered in the low- 
lands, except where strips of moist land 


Mediterranean countries of Europe. In the 
United States the regions of Mediterranean 
climate are smaller, and modern transpor- 
tation facilities make lumber so easily avail- 
able that wood is generally used for con- 
struction purposes. 

Much more characteristic and far more 
widely distributed than the high forest are 
the thickets or scrub forests, often thorny, 
which consist of scattered trees and dense 
masses of shrubs with much undergrowth 
This type of vegetation, with regiorim modi- 
fications as to species, is common to all areas 
with this type of climate The Italian name' 



Cacti of the C\a(anici area, Italy Lowest are the gangue, above them the in.u ehia 


along streams support “gallery forests.” 
Forests flourish on the higher slopes, espe- 
cially on those exposed to moisture-bearing 
winds. The timbers used by the builders 
of Solomon s Temple and for the construc- 
tion of boats by the Mediterranean seamen 
were obtained from such localities. As has 
been mentioned before, however, many of 
these higher areas are really areas of moun- 
tain climates, located above the typical 
Mediterranean regions. But as most peo- 
ple live in the lowlands, where timber is 
not readily obtainable, stone and sun-dried 
brick have long been the common building 
materials. This is particularly true of the 


macchia has been accepted to designate it, 
although the French term, tnaquis, is the 
form in which the original Italian word was 
adopted into the English language. In 
California it is called chaparral The 
maquis is the source of the bundles of sticks 
peddled as firewood in the streets of Medi- 
terranean cities and villages, and of manza- 
nita firewood widely used in California 
Charcoal has long been made out of some ol 
the larger stems and branches. 

There is a lower and even more scraggly 
type of vegetation than the maquis. Inas- 
much as the soil may be bare and unpro- 
tected by the end of summer, heavy winter 
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rains may remove much of the soil from 
steep slopes. These slope lands with their 
soils are quite extensive and, especially 
in the Mediterranean countries, support 
a sparse vegetation made up of small, 
drought-resistant bush. The Germans call 
these forms “half-shrubs/' an aptly descrip- 
tive term because they are half-way be- 
tween herb and shrub in size. The com- 
monly accepted term is garigxie, the French 
term used for this vegetation on the lime- 
stone slopes of southern France. 

One might at first think that the garigue 
and the maquis can have little value. How- 
ever, sheep and goats can thrive on coarse 
forms of vegetation. Sheep do quite well 
where the garigue and maciuis are fairly 
open; where the vcg(*tation is more tangled 
and coarse, goats are able to find nourishing 
feed. Through its fodder value, this 
thorny, inhospitable vegetation contributes 
directly to the kid slippcTS and gloves for 
the ladies of Paris, London, and New York. 
Furthermore, the abundant blossoms of 
these plants are har\'(»sted by bees, a signifi- 
cant fact now, but e\'cn more so in earlier 
times when honey was the only sweetening 
available. 

Another element of the vegetation is the 
dwarf palm. This is characteristic of the 
Mediterranean countries, especially those 
of northern Africa, and it has been widely 
introduced elsewhere. 

Soils. Because of the low rainfall in 
these climates, leaching is slight and the 
soils in most cases are pedocalic. The pre- 
vailing high temperatures are conducive to 
weathering, and therefore the soils of the 
lowlands are well supplied with the prod- 
ucts of rock decay — clay and soluble min- 
eral salts. Humus, however, is not abun- 
dant as a rule, a condition directly attribut- 
able to the sparse native vegetation and a 
flora consisting of trees and shrubs rather 
than grass. In general, the soils have fri- 
able structure, sandy to gravefly texture, 
and brown or reddish-brown colors. 

Topography is an important factor in soil 
development in areas of Mediterranean 
climate. These regions are characterized 


by steep mountain or plateau slopes de- 
scending abruptly to the sea and relatively 
narrow plains in the valleys and along the 
coasts. The topographic conditions imply 
eroded, stony soils on the slope lands and 
soils of depositional origin on the low plains. 
Active erosion tends to prevent the develop- 
ment of normal mature soils on the slope 
lands, and active deposition by wind or 
water inhibits their development on the low- 
lands. 

The immature lowland soils are produc- 
tive. They represent an accumulation of 
the fine particles which have been washed 
down from the slope lands and deposited 
without much loss of soluble mineral .con- 
tent, either along the stream valleys or as 
piedmont plains at the foot of the moun- 
tains. There the native vegetation flour- 
ished more abundantly than on the higher 
and drier slopes, and the decaying organic 
matter s(?rved to enrich further these im- 
mature lowland soils. Water is the great 
need. Where this is supplied, as in south- 
ern California or in the irrigated valleys of 
the Mediterranean lands, abundant harvests 
result (Ulus. p. 160). 

The soils of the slope lands, on the other 
hand, are generally thin and poor. This is 
particularly true where tillage has long been 
practiced. In some parts of Greece and 
Italy, the soils on steep slopes are protected 
from erosion by intricate systems of ter- 
races. Thus, productivity has been main- 
tained, but only through the cumulative 
labor of many generations of farmers. On 
the whole, the slope lands with their skele- 
tal soils and their scanty vegetation are best 
adapted for use as grazing lands. In the 
most favored locations, this pasturage will 
support cattle; in the more rugged sections, 
where only coarse herbage thrives, goats 
are well able to maintain themselves; else- 
where, sheep raising is the most economic- 
phase of the livestock industry. 

Agriculture 

The lands around the Mediterranean 
have, from very early times, been centers of 
culture, and from there our boasted modern 
Western civilization has sprung. Without 
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serve moisture resulted, drought-tolerant 
crops were selected, irrigation systems were 
devised, and schemes of grain storage were 
planned to offset lean periods. These are 
impulses toward co-operation and progress, 
and there is little wonder that the people in 
such areas were stimulated to mental as well 
as to industrial activity, often developing a 
highly organized society. 

Two general types of land utilization 


irrigation are raised the moisture-loving 
crops, with high returns per acre, especially 
corn, rice, vegetables, and citrus fruits. 
The need for production encourages full 
use of water available for irrigation; expan- 
sion of irrigation farming is halted by scar- 
city of water rather than by lack of land 
or markets. The needs are two-fold, 
/namely, tap additional water supplies and 
fuse water less wastefully. 


161 


REGIONS OF MEDITERRANEAN CLIMATE 


Grain agriculture. The winter rains 
and summer drought of Mediterranean cli- 
mates favor early maturing crops. Small 
grains rather than corn are therefore char- 
acteristic of these climates. Hard winter 
wheat and barley are the foremost c*e?real 
crops, the former a bread grain, the latter 
chiefly used as a feed grain but locally im- 
portant for food. They arc planted after 
the first rains of fall or winter. The Medi- 
terranean lands have always been noted as 
wheat producers, and in earlier times the 
attempts to insure wheat supplies were 
oiten the dominating motives in commercial 
and ev('n in military a)ntests. Control of 
the f(Ttile valleys of thi* Nile, and of C'C'r- 
lain sections of Greece, Italy, and Spain 
was sought largely because of their value 
as wheatlands. 

Dunim wheat, popularly known as maca- 
roni wheat, is the type most charactenstic 
of the summer-dry subtropical climates. It 
is hardy and drought tolerant. Although 
its flour is not well adapted for bread mak- 
ing, it makes the palatable and highly 
nourishing tubular foodstuff known as ver- 
micelli, spaghetti, and macaroni. The art 
of making these pastes is of Italian origin 
but has spread to nearly all lands. The 
Italians have taught practically the whole 
European world to enjoy their favorite di.sh, 
spaghetti. 

Animal Industries 

Since summer drought and winter rains 
are more conducive to bush and shrub 
growth than to grass, the livestock indus- 
tries have centered about donkeys and 
mules rather than horses, and goats rather 
than cows. Sheep and goats are the main- 
stays of the pastoral pursuits. Where forage 
is relatively abundant and pastures are open, 
sheep predominate. Since sheep arc timid, 
defenseless creatures, the herdsman s watch- 
ful care has always been essential. Out 
of this has come the symbolism of the 
shepherd in sacred story and song — a sym- 
bolism beautifully expressed in the religious 
rites of modern church worship throughout 
Christendom. The mild climate where 


forage is fairly plentiful but grain feeds 
are scarce seems to have been conducive 
to the development of breeds of sheep small 
in size but of superior quality of wool, like 
the renowned Spanish Merino. 

Where forage is scarce, topography 
rugged, and the vegetation harsh and un- 
palatable, the sheep give way to their more 
active cousins, the goats. Thus, in the east- 
ern Mediterranean lands, in northwest 
Africa, and in the less favored areas else- 
where, we find the goat, man’s most tolerant 
and persistent producer. The world's 
major center of production of goat skins is 
the area reaching from Morocco and Spain 
in the west to Gn'cce, Turkey, and Iran in 
the east. There, where neither grass nor 
grain is abundant, the goat exists, furnish- 
ing food for the local population and pro- 
viding the finest hides to be made into 
gloves and shoes in the world’s fashion 
centers. 

Another phase of the animal industries 
that dcscr\'es attention is poultry raising. 
In these areas of nearly all-year growing 
season and low humidity, the poultry in- 
dustry has a high place. The Mediterra- 
nean breeds of chickens are noted for their 
hustling abilities, their agility rather than 
size. The natural habitat, with its seed- 
bearing bush and flitting insect life, has 
been conducive to the development of 
quick-moving kinds of poultry. From these 
lands the Leghorns and Minorcas have 
sprung, small agile birds quite in contrast 
to the Jieavy, ponderous Asiatics. The 
Mediterranean breeds mature early and 
make high scores in egg laying. These 
(jualities have plac'ed them in favor as food 
producers and are important factors in 
accounting for the factory-type poultry 
farms of California. 

Horticulture 

On a large-scale basis, the dry subtropi- 
cal lands are the world’s principal areas tor 
the production of olives, figs, grapes, 
prunes, and citrus fruits. Olives, figs, and 
vines are typical dry-land fruit crops of 
many Mediterranean areas, while citrus 
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fruits are typical of the irrigated sections. 
From a world point of view, the lands 
around the Mediterranean Sea rank fore- 
most in the production of olives, figs, cur- 
rants, wine grapes, oranges, and almonds, 
while California holds first place in prunes, 
raisin grapes, and lemons. Grapes and 
citrus fruits are of economic importance in 
each of the other dry subtropical regions 
as well — South Africa, central Chile, and 
southern Australia. 

Olives. The olive appears to have been 
native to Asia Minor, being one of the trees 
earliest cultivated by man. The gift of 
the fruit was a token of peace among the 
barbarians of early times, and a branch of 
the tree became a symbol of peace. The 
importance of the olive as a source' of fat in 
the diet of the people of eastern Mediter- 
ranean lands is attested by the frequent 
references to it in sacred literature. 

The olive industry is chiefly dependent 
upon one species of tree, the Olea europea 
or European olive, of which there are many 
different varieties. The tree, a tough, 
narrow-leaved evergreen, is noted for ease 
of propagation, hardihood, heavy yield of 
fruit, and longevity. It does not need irri- 
gation, and therefore in the Mediterranean 
region olive groves are generally found on 
the hillsides or in stony parts of the plains. 
In many districts olive trees are inter- 
planted with grape vines, or even with 
wheat. By the eighth year an olive grove 
should be in profitable production, furnish- 
ing 20 to 40 gallons of olives per tree, and 
should continue so for many years. The oil 
content varies between 15 and 30 per cent. 
Olive trees more than a century old are 
common in the Old World, and many in- 
stances are known where the age is sup- 
posed to be 500 years or more. 

The olive harvest comes at the beginning 
of the winter rains, in the Northern Hemi- 
sphere usually in November. High-quality 
olives are picked by hand and kept scrupu- 
lously clean. (Ulus. p. 167.) In many of 
the older producing sections such care is 
not practiced — ^the fruit is shaken from the 
trees by beating the branches with poles, 


and the olives are picked from the ground 
in more or less bruised condition. This 
practic'c lowers the quality of the oil and 
causes undesirable flavors to develop. 

While many olives are sold for table use, 
most are produced for oil. Olive oil is 
expressed from the fleshy part of the ripe 
fruit; the yield of oil from a well-grown 
mature tree 15 years old should be from 
200 to 250 pounds a year. The quality oi 
the oil depends more upon the care with 
which the fruit is handled than upon the 
soil or climatic c'onditions under which the 
olives ar(‘ produced. 

Olive oil is widely used in countrii's 
where animal fats are scarce. Where cli- 
matic c'onditions are unfavorable for the 
production of feed grains and grass, large- 
scale production of cattle and hogs is im- 
possible. Where butter and lard ai e scarce 
olive oil ser\ es similar needs. Furthennon'. 
summer heat and dryness tend to irritah 
the skin, creating a need for oily ointmc'iits 
.such as olive oil. 

It IS not surprising that the olive is so 
important in the Mediterranean lands. 
There the areas of winter-dry subtropical 
climate are most extensive, people most 
numerous, and demand greatest. Spain, 
Italy, and Portugal tog(*ther produce nearly 
80 per cent of the world's commercial olive 
crop; other important producers are Tunis, 
Greece, Algeria, Morocco, and Syria. Cali- 
fornia is the only important center of oliv(‘ 
production in the Western Hemisphere. 
The quality of the output there is of the 
best, but the quantity is less than half of 1 
per cent of the world’s total. Although 
California has much land well adapted to 
olive growth, profits are not normally high 
enough even to justify thorough picking, 
much less expansion. During World War 
II the price of olives quadrupled when im- 
ports from Europe were cut ofl[, and th( 
California growers picked large crops. 

Dried fruits. Sun-drying as a means of 
preserving fruit has been practiced for 
countless ages. Nature does this in the 
ripening process of grains and other seeds, 
and man early learned to imitate nature in 
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the case of a number of fruits and vegeta- 
bles. Until canning and refrigeration were 
devised, drying was the prevalent method 
of preserving fniits. The countries of 

Table III 

[estimated Production (Commercial 
Only) of Dried Figs in Certain 
Producing Countries 


In Short Tons (2.000 lbs.) 


(j)iintries 

19:5r)- 

1939 

1911 

19iri* 

1916* 


Av. 




Alficria .... 

18,.^>00 

20,900 

10,300 

19.2(K) 

Grm*e 

22,800 

i;i,2(H) 

19,800 

21,400 

llah 

87,200 

70,100 

.^)9,200 

60,.5(K) 

Porluqal 

.'),700 

8,8(K) 

5,300 

11, (MK) 

'rwikry. . . 

37,(M)0 

3r»,200 

28,(100 

,33,(MM) 


Preliminary iiftiires. 

SoiiiTo: Agiiculiiiial Statistics. 1017. I'liiled 
Slal(‘s 1 lepartincnl ol Agriculture, Washington, 
L). C., 19 IS. 

Mediterranean climate have the advantage 
of their varieties of fruits with high sugar 
content and their dry, cloudless summers 
favoring sun-drying. The principal fruits 
preserved in this way were figs, prunes, 
“currants,” and raisin grapes; and in spite of 
the tremendous development of canning 
and refrigeration, these still remain in high 
favor and are produced in quantities of 
great commercial importance. 

Figs. The fig tree appears to be indige- 
nous to Asia Minor and Syria, and various 
species are found growing wild in most of 
the Mediterranean countries. As it is fre- 
quently referred to in Hebrew scriptures, 
the fig was probably one of the earliest 
cultivated fruits of the eastern Mediterra- 
nean lands. (See table, above.) 

The fig, Ficus carica, is a medium sized 
tree reaching heights of 18 to 20 feet, with 
rough branches, palmately lobed leaves, 
and compound fruits. While it is widely 
grown in the tropics and subtropics, the 
principal centers of commercial production 
are in the Mediterranean countries and 


southern California, especially in the hotter, 
drier parts of these areas. 

Although there are numerous varieties, 
the Smyrna fig is of outstanding commercial 
importance because of its flavor and size. 
It depends on fertilization by the fig wasp 
(Blastophagia grossorum), an insect that 
spends part of its life cycle in the fruit of a 
wild variety. When Smyrna figs were first 
introduced into California, the trees grew 
successfully and blossomed but failed to 
bear fruit. Only after the role of the fig 
wasp had been studied in Asia Minor, and 
the wild fig and wasps had been obtained, 
did fig culture become a success. 

Fresh figs are a favorite fruit in the pro- 
ducing districts, but since they are highly 
perishable, the trade deals chiefly in pre- 
served or dried figs. Turkey probably 
leads in total production. Figs are grown 
extensively along the coast of Asia Minor, 
the chief sliipping port being Smyrna, 
whence the commercial name for the vari- 
ety is deprived. All the other Mediterra- 
nean countries are important producers, and 
most of them are also important exporters, 
particularly Italy, Greece, and Algeria. In 
the United States, California produces 99 
per cent of the figs. Texas, with a small 
pniduction, has the distinction of being one 
of the few c'enters of commercial fig pro- 
duction outside the summer-dry subtropical 
regions. 

Most figs imported into the United States 
come from Turkey and Greece. With in- 
creasing domestic production the trend is 
toward a declining import trade. At pres- 
ent, domestic prices are sustained by means 
of import duties, a practice that does not 
encourage increased consumption. 

Prunes. While plums occur in many 
countries and climes, only a few varieties 
are so firm and sweet as to cure instead of 
spoil under natural drying conditions. The 
term prunes technically refers to plums 
that have been dried without removal of 
the seed; popularly, however, the term 
covers also the fresh fruit in the districts 
where the general practice of drying into 
prunes prevails. Prunes grow best along 
the cool and moist margins of the Mediter- 
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rancan climates. In Europe, Yugoslavia is 
the most important producer. Although a 
large percentage of the fruit is used in the 

Tablk IV 

EsTiMATiiD Production (Commercial 
Only) of Dried Prunes in Certain 
Producing Countries 



In .SIwil Tons 

{2,000 Ihs ) 

(AHinlllCS 

19.t9 

1911 

i9m» 

191()* 

Uniletl Stales 

‘209,7r)0**l 

1(), 4,1.40 

244,7.40 

221,2.40 

ArgiMilina 

1,. "■)()() 

2,900 

4, .400 

1,8(X) 

Australia 

2,900 

4,()00 

1,900 

3,(MK) 

Bulgaria 

9,400 

2,000 

4,000 

,4,(XK) 

Chik* 

1,100 

1,900 

1,800 

2,(j(K) 

France' 

1,700 

.4,800 

1,100 

l.KK) 

Homama 

12,000 

1,100 

7,7(K) 

r),(KM) 

Yugosla\ la 

.40, .100 

1,100 

11,000 

7,200 


* Prelim inarv (inures 
Av. 19:U)-V.)n 

Sourer. Agricultural Stali'itics, 1949, United 
Stales Department of Af»rieultiire, Washinj^lon, 
D. C., 1948. 


manufacture of brandy and jam, the exports 
of pnines in some years have exceeded 50,- 
000,000 pounds, most of them going to 
neighboring countries. 

As late as 1890 the United States im- 
ported more than 60,000,000 pounds of 
prunes a year. Plantings in California, es- 
pecially in Santa Clara county, south of San 
Francisco, proved so successful that Cali- 
fornia has become the world’s leading 
prune producer (Ulus, below). Prunes 
grow well also in the mild climates of Ore- 
gon, Washington, and parts of Idaho. Sev- 
eral varieties are grown, making fresh fruit 
available from June to November and pro- 
viding dried fruit throughout the year. 
The United States has become the leading 
e\[X)rter, and prunes hiivQ gained first place 
in our exports of drii'd fruits, the quantity 
(‘xceeding 200,000,000 pounds annually. 
Our principal markets are Canada and the 
countries of northwestern Europe, but 
American prunes are sold in nearly every 
market of the world. 

Grapes. All regions having the Mediter- 



Couriesy CJuimbcr of Comnurce, San Jose, Calif. 

Drying prunes, Santa Clara County, California. 
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ranean type of climate are noted for their 
grape culture. The grapes are produced 
for table use as well as for wine manufac- 
ture. Southeni Spain has long been fa- 
mous for its grapes of such high keeping 
qualities that they are available for table 
use late into the winter. Through modem 
methods of storage, fresh California grapes 
are on the market many months of the year. 

Tablk V 

Production of Raisins and 
Currants in Principal 

PnODUCINCi COUNTRIKS 


In 1,000 Quinlah 


(oiintnes 

mu 

Av. 

i94;i 

1941 

191.^1 

Spain 

1:^8 

107 

113 

77 

(irrero ^ 

1,918 

No 

No 

ri(H) 



data' 

data 


Unitod Stiil(‘s 

1,98:^ 

3,()38 

2,808 

2,21 1 

H(*rsia 


:M9 

299 

329 

Turkey 

8.U) 

()98 

449 

(vl9 

Union of SoiiUi 





Africa 

80 

11.3 

111 

112 

\iislralia 

7r)7 

1 

l.O.',! 

701 

713 


Source: IntenmiKwal Yntrhook of Agiuvltural 
Slatislivs, l‘.Ml-42 to Hureau of the 

F.A.O m Home, Vol. I, Home, 1917. 


Raisins. Raisins, made by drying spe- 
cial varieties of grapes, are among the 
staple exports of most regions with summer- 
dry subtnipical climate. The center of 
output of raisins, as of pmnes, has shifted 
from southern Europe to California. Ma- 
chine methods of cleaning and drying have 
largely, although not entirely, supplanted 
the older method of sun-drying. Eastern 
Spain, with Almeria as the centuries-old ex- 
port center, still has some importance in the 
raisin trade. Sultana raisins, made from a 
variety of richly flavored seedless grapes 
grown in the eastern Mediterranean area, 
hold high place in European markets. The 
Sultana grapes are grown especially in 
Greece, on the islands of the Aegean, and 
in southwestern Asia Minor, where Smyrna 


is the export center. Greece is by far the 
most important country of the Old World 
in raisin exports. Other exporters are Tur- 
key, Iran, Spain, and Australia. Suprem- 
acy in raisin production, though not in ex- 
ports, has passed to California, where 
Thompson Seedless (Sultamm) is the lead- 
ing raisin grape. The significance of this 
change is shown by the fact that before 
1890 the United States imported 35 to 40 
million pounds of raisins per year, whereas 
in recent years imports have been negligi- 
ble, but exports range between 100 and 250 
million pounds. The leading foreign mar- 
kets are the United Kingdom, Canada, 
Sweden, France, and the Netherlands. Fu- 
ture development of the California raisin- 
grape industry is dependent on markets, 
because sufficient land is available to pro- 
vide several times the prescTit output. 

Currants. In contrast to the wide dis- 
tribution of plums is the extremely limited 
distribution of currants, a form of seedless 
grape. They are grown in continental 
Greece and on some of the outlying islands. 
The name (wrant is a corruption of Cor- 
inth, the seaport long famous for exports ol 
this dried fruit. The total annual exports 
of Greece are normally about 130 thousand 
tons. American imports of currants nor- 
mally are about 6 million pounds per year, 
nearly all coming from Greece. Although 
Greece still holds undisputed first place in 
the world’s currant industry, production is 
increasing in southern Australia and the 
Union of South Africa. 

The wine-making industry* Varieties 
of grapes suitable for wine production, such 
as Muscat and Zinfandel, appear to be in- 
digenous to southeastern Europe and south- 
western Asia. Their utilization for the 
manufacture of wine is one of the oldest 
known industries, and Old Testament refer- 
ences give evidence of the high favor in 
which wine was held by ancient peoples. 
Because of the rather low winter rainfall 
and prolonged summer drought of Mediter- 
ranean countries, good water is not readily 
obtainable even now in many places. Wine 
was a thirst-satisfying drink that did not 
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convey disease and could readily be stored 
for use when needed. 

From an American point of view, the 
amount of wine produced by the leading 
Mediterranean countries appears enormous. 
The output has mounted to over 51 billion 
gallons annually, France alone accounting 
for 1 to 2 billion gallons per year. Italy 
is the next important producer, and other 
c*ountries of high rank are Spain, Algiers, 
and Portugal. Although approximately 75 
to 80 per cent of the wine is consumed in 
the countries where produced, it is never- 
theless a leading export. In Spain, and 
especially in Portugal, the wine exports arc 
among the important sources of national 
income. Northwest Europe and Canada 
are the principal markets, but Mediterra- 
nean wines are shipped to nearly all parts of 
the world. 

The other regions of summer-dry sub- 
tropical climates — California, Central Chile, 
South Africa, and Southern Australia — have 
wine indu.stries, but none has approached 
the wine industries of the Mediterranean 
countries in economic importance. This 
may be owing in part to the fact that wine- 
making depends on skill, and that it takes 
time to develop this skill in the newer cen- 
ters. Reputation is another major factor; 
the high reputation acquired by the Medi- 
terranean countries through cemturies of 
wine-making now serves as an economic 
asset of tremendous value. Other regions 
will find this a difficult hurdle to overcome 
in open competition. The tendency to imi- 
tate European wines and claim equivalence 
for what are dissimilar products has been of 
doubtful benefit to certain of the non-Medi- 
terranean wine regions. 

The Citrus Fruits 

The orange, lemon, lime, and ^rappfruit, 
together with several other citrus fruits less 
widely known, are important commercial 
products of the subtropical lands. In a 
way they may be said to be commercially 
the advance guard of the tropical fruits to 
enter cool-climate markets. The two quali- 
ties which are most effective in promoting 


trade in citrus fruits are, first, their acid 
flavor combined with pleasant taste and 
health-promoting qualities and, second, their 
thick, oily, and bitter skins, which serve to 
protect them from insects and from bruises 
in shipment. The warm subtropical to 
tropical lands of southeastern Asia — China 
and Indo-China — arc the ancestral homes 
of the citrus fruits. From southern Asia, 
sweet oranges were introduced into the 
Mediterranean countries by the Portuguese’ 
in the latter part of the fiftec’iith century, 
and thus a beginning was made of an im- 
portant and enduring industry. From 
Spain, the citrus fruits were carried to the 
New World, and they now are cnltiwited 
in nearly all the tropical and subtropical 
lands of the world (Ulus. p. 167). 

Citnis fruits are produced most success- 
fully under conditions of high temperatures 
and sunnv days. The summer-dry subtropi- 
cal regions lack a sufficiency of rainfall dur- 
ing tli(’ warm sea.son, but where water can 
be supplied by irrigation, conditions are 
optimum foi growth. Inasmuch as oranges 
and lemons are of leading commercial 
significance in regions of NIedrterranean 
climate, they will be discussed here, al- 
though areas of important promotion lie in 
regions of humid subtropical climate. Con- 
versely, grapefruit will be discussed in 
Chapter Eleven, as the major area of pro- 
duc*tion lies in the humid subtropics. 

Lemons. The lemon was the first of the 
citrus fruits to be introduced into Europe. 
The healthful qualities of lemons have long 
been recognized. The British Merchants 
Shipping Act of 1867, still in force, specified 
that every British ship destined for coun- 
tries where lemon or lime juice cannot be 
obtained must provide a sufficient supply 
to give one ounce of such juice daily to each 
member of the crew. This measure was in- 
tended to prevent scurvy; its effectiveness 
is now known to be due to the high vitamin 
content of citrus fruits. 

The lemon tree does not grow tall; it 
rarely reaches a height of more than 10 to 
12 feet. A mild climate with much sun- 
shine and without freezing temperatures, 




Principal centers of production of citrus fruits and olives. 
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with fertile soil and an ample water supply, 
are the essentials for successful lemon pro- 
duction. In southern California 12 inches 
of irrigation water per year are needed to 
supplement the natural rainfall. The crop 
is picked during winter and spring and 
stored to meet the heavy summer demands. 

The two most-feared dangers are fungus 
diseases and fro.st. A fungus disease has 
caused serious losses to the lemon growers 
ol Italy. To prevent this fate, the growers 
in California take great care to insure ample 
light and air to all parts of the tree. 
Pruning is scientifically done, trees are 
spaced so as to a\’oid overcrowding, and 
spraying is carried on methodically to 
destroy insects and to limit fungi. When 


Our imports, which averaged 2J million 
boxes annually from 1909 to 1913, have 
been negligible since 1937. Italy, long the 
unchallenged leader, now stands second, 
with an annual production of about 10 
million boxes in normal years. Brazil, with 
an annual production of about 11 million 
boxes, forged ahead of Spain for third place 
about 10 years ago. Many other countries 
with subtropical areas produce lemons, but 
of these only Argentina, Chile, and Pales- 
tine have shown notable increases in pro- 
duction during the past decade ( lllus. 
below). 

Oranges. The orange is widely grown 
in tropical and subtropical lands the world 
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danger of freezing is imminent, oil-burning 
heaters are placed throughout the groves, 
and if possible a liberal supply of water is 
run into ditches and laterals. Tliese opera- 
tions involve care and cost, but results have 
justified them. 

The increasing competition with other 
citrus fruits has produced a stationary 
situation in the lemon industry. The lemon 
groves of Italy and Spain are nearly all in 
bearing and there is a declining tendency in 
production. In California, however, a 
large proportion of the trees have not yet 
attained full maturity, and therefore produc- 
tion is on the increase. The United States 
(California) is now the world’s principal 
lemon producer, with a harvest of 11 to 17 
million boxes (79 pounds each) annually. 


over. Ill some places, such as parts of Par- 
aguay and Brazil, the natural conditions are 
.so friendly that the tree grows wild. Al- 
though production on a noncommercial 
scale is widely distributed in some of the 
warm humid lands, especially in Japan and 
.southern China, commercial production 
centers largely within the regions of sum- 
mer-dry subtropical climates, each of which 
has an important orange industry. Impor- 
tant centers of commercial production have, 
however, developed in some areas of more 
humid climate, such as Florida and Brazil 
(lllus. p. 169). 

Tlic growing of oranges has long been 
important in the Mediterranean countries 
because of the warm temperatures that favor 
such a frost-sensitive crop. Large export 
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markets are provided by the millions of 
people of northern and w^estern Europe 
who arc readily reached by numerous rail- 
road and steamship lines. 

Oranges are of many varieties but fall 
into two principal classes: the sweet and the 
bitter. The former is by far the more im- 
portant and is the kind generally referred 
to. The bitter orange is grown to some ex- 
tent in Spain, chiefly for its rind, which is 
used in the manufacture of English marma- 
lade and of Curasao, a liqueur that has long 
had world fame as a unique product of the 


Europe are increasing. Northwest Europe 
is the principal market, the United King- 
dom and Germany normally taking about 
60 per cent of the total exports, while 
France, Belgium, the Netherlands, and the 
Scandinavian countries take lesser amounts. 
Shipments of Spanish oranges begin in No- 
vember and continue heavy until May or 
June, after which the movement is negligi- 
ble. 

The total production of oranges in Spain 
ranges from 20 to 35 million boxes (70 
pounds equivalent) per year. Present in- 
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Netherlands. There are many kinds of 
sweet oranges, but their ripening periods 
are such as to divide them into two main 
groups: winter and summer oranges. 

OrANGK PR0nUC:T10N: MEDrrERRANEAN 
cx)UNTRiES. Spain leads all countries in ex- 
ports of oranges and is third in production, 
surpassed only by the United States and 
Brazil. The producing districts lie mainly 
along the Mediterranean coast, the province 
of Valencia being the leading center. Most 
of the Spanish oranges move by water to 
the countries of western Europe, but the 
rail shipments across France to central 


dications are that Spain will be able to 
maintain its leading position as an orange- 
exporting country, furnishing usually well 
over half of the total entering international 
trade. 

Italy ranks about fifth or sixth in pro- 
duction but is an important exporter; of the 
total crop of 8 to 13 million boxes, 35 to 40 
per cent are exported. Lack of standard 
methods of grading and boxing formerly 
handicapped the sale of Italian oranges in 
foreign markets, but great improvement in 
these particulars has been made in late 
years. Italy's location is advantageous in 
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respect to the markets of central and east- 
ern Europe. Production seems to be about 
stationary, no marked changes in output 
having been reported in recent years. 

Palestine has lately become a major pro- 
ducer of oranges, with an annual crop of 
5 to 10 million boxes. Exports have in- 
creased to such an extent that recently 
Palestine was the second major exporting 
country, following immediately after Spain. 
In 1939 exports reached the record figure of 

12.500.000 boxes. 

Less important producers of oranges are 
Algeria, Syria, Egypt, Greece, Tunisia, Tur- 
key, and Cyprus. As a whole, the Medi- 
terranean region promises to hold its place 
as a major citnis fruit producing area, fa- 
vored as it is by soil and climate and by 
ready accessibility to the world’s greatest 
markets. 

South Africa and Australia. Although 
the quantities are small when compared 
with the Mediterranean region, oranges 
have been produced on a commercial scale 
in the Union of South Africa and in Aus- 
tralia for a number of years. Especially in 
South Africa expansion has been rapid, pro- 
duction increasing from an average of 

2.280.000 boxes during 1930-1934 to 6,860,- 
000 in 1943, but decreasing to 4,000,000 in 
1946. The British Isles provide the most 
important market for the Union, while most 
of the Australian exports go to New Zea- 
land. 

South America. Except in Brazil, the 
production of oranges in South America is 
chiefly for home consumption. Brazil, now 
in second place, shows a definite trend to- 
ward substantial increase in both produc- 
tion and exports, a movement encouraged 
as a national policy in order to lessen the 
dominance long held by coflFee. Brazils 
production during the years 1941 to 1946 
was estimated at from 27 to 36 million 
boxes. Brazil produces the navel — a seed- 
less so-called winter orange also important 
in California — and markets it during our 
summer. Thus the Valencias of Spain and 
the United States are beginning to meet 
heavy competition from the navels of Brazil 


in the great import centers of the Northern 
Hemisphere. 

Japan and China. China, the probable 
home of the orange, is an important pro- 
ducer, but complete data as to quantities 
arc not obtainable. Most of the oranges 
are consumed locally and do not enter the 
channels of foreign trade. 

In orange production Japan ranks fourth 
among the countries. Before World War 
II the crop averaged about 16,000,000 
boxes. About 75 per cent of the Japanese 
oranges are tangerines, known also as nmn- 
darins. The chief markets include Korea, 
Manchuria, and the near-by provinces of 
China, although normally considerable 
quantities are shipped to Canada and the 
United States. 

Of course, neither Japan nor China has 
the Mediterranean type of climate. Or- 
anges are grown without irrigation in the 
humid subtropical areas in the southern 
parts of those* countries. 

The United States. The United States 
has become the world's largest orange- 
producing country, and the tr(*nd here, as 
in most other orange producing centers, is 
definitely upward, with annual output of 
over 117 million boxes having been reached 
in 1946. California and Florida arc the 
two principal areas, both large and capable 
of greatly increased output; lesser quanti- 
ties are produced in Te.xas, Arizona, and 
Louisiana. Wherever oranges are grown, 
subtropical temperatures are lound, but 
the rainfall varies from humid Florida and 
Louisiana to summer-dry California. 

Florida was the earliest region of large 
production. After the Civil War, northern 
Florida found orange production highly 
profitable, and therefore extensive plant- 
ings were made. Several setbacks by cold 
waves caused moderate losses, then came 
the disastrous freezes of the winter of 1894- 
1895, during which even the trees were 
killed These disasters led to a shift in 
the commercial orange culture to the south- 
ern half of the state, where losses by freez- 
ing were less likely to occur. Since 1920 
great expansion has taken place, and Flor- 
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ida has reached a high place in the winter 
Valencia juice-orange trade. 

The orange groves of California are sub- 
ject to greater winter cold than are those 
of Florida, but the damage is not so great 
because the temperatures are more stable 
and arc not interspersed with warm spells 
that bring the trees into active growth. 
For protection against frost, nearly all or- 


Califomia has long been noted for its 
production of navel oranges for the winter 
markets. Ec'onomic success was achieved 
because of the favor with which these large, 
richly colored, seedless oranges were re- 
ceived in the markets. During the past 
decade or two, however, the California 
navels cnc'ountered increasingly keen com- 
petition from the seed-containing but juicy 
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chards are equipped with oil-burning heat- 
ers which can raise the air temperature sev- 
eral degrees. Irrigation is of course neces- 
sary during the dry summers. Extensive 
and highly cflScient irrigation systems have 
been developed. The mountains rising 
back of the coast have furnished the neces- 
sary catchment areas, but even so the local 
water supply is not sufficient to furnish 
irrigation water for all the available land 
(Ulus, above). 


and well-flavored Florida product. Lower 
prices ruled, and as a result growers began 
to favor the Valencia oranges. At present, 
Valencia oranges constitute about three- 
fifths of the total California crop. The in- 
creasing demand for orange juit'e and 
orangeade has been an important factor 
in bringing about this new trend. How- 
ever, California navels still bring higher 
prices in eastern markets than do Florida 
oranges, though in some years the greater 
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cost of shipping across the continent nulli- 
fies the advantage to the growers ot the 
higher price. 

A third, though smaller, center of orange 
culture is developing along the Gulf Coast 
of Texas. Planting is actively going on, 
and production increased from an average 
of 2,539,000 boxes during 1935 to 1944 to 
4,800,000 in 1945. But Texas, like Florida, 
must take into ac*count the danger of freez- 
ing when the unwelcome northers .sweep 
down to the Gulf from the cold interior. 

There is a striking upward trend in or- 
ange-growing in the United States. Aver- 
age annual production increased from 21,- 


Spain, Italy, and Palestine. The American 
export trade in oranges is encountering in- 
creasing competition from the expanding 
output of the Mediterranean countries in 
winter and of South Africa and Brazil in 
summer. 

Viewed as a whole, the role of the orange 
industry in the countries with summer-dry 
subtropical climat(‘S is impressive, thanks to 
irrigation and marketing methods. The 
per capita annual consumption in the 
United Stab's increased from less than 7 
pounds in 1900 to more than 60 pounds in 
the late 1940’s. This figure iiidicatc's the 
high favor in which oranges are held. For- 



4(X),000 boxes in 1915-1919, to 67,300,000 
boxes in 1935-1939, a jump of over 200 per 
cent in two decades. The total crop of 
1941 reached the figure of 85,163,000 boxes 
of 70 pounds each and in 1946 was esti- 
mated at 118,680,000 boxes (Ulus, above). 

The market for Amerit'an oranges is 
primarily domestic, and until recent years 
the United States exports were confined 
largely to the Canadian market. The 
larger crops of later years have led to ship- 
ment of sizable quantities to Europe, 
notably to the United Kingdom. These 
shipments have been mostly Valencias for 
th(} summer market, since the navels en- 
counter insurmountable competition with 
the large supply of low-pric'ed oranges from 


tuuately, an ample supply to meet future 
demands is assured by the incrca.sing out- 
put of the producing regions of the world. 

Early fruits and vegetables. The Medi- 
terranean climates are centers of production 
of early fruits and vegetables for northern 
markets. There is an increasing shipment 
of so-called "primeurs,’’ early potatoes, veg- 
etables, and fruits from northern Africa, 
Spain, .southern France, and Italy to the 
areas of dense population in northwestern 
Europe. In the United States, the ship- 
ments of melons and head lettuce from 
southern California to the northern and 
eastern markets call for trainloads of freight 
sent across country at express speed. Cen- 
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tral Chile is profiting by a growing trade in 
fresh fniits and melons which can be sold 
in the northern markets in winter when 
local produce is unobtainable. Early mar- 
kets arc always relatively high-priced mar- 
kets. Thus, the ability to provide out-of- 
season produce is of distinct advantage to 
the centers of production, and it adds mate- 
rially to the standards of living in the areas 
served. The mutual advantage of trade to 
both s(*ller and buyer is well illustrated in 
this traffic. 

Conclusion. Earlier in this chapter wc 
mentioned the fact that through the handi- 
cap of the dry summer, and the necessity to 
develop irrigation, the Mediterranean cli- 
mate has been condueix e to the early de- 
velopment of more highly organized forms 
ot society in the lands .surrounding the 
Mediterran(*an .s(*a. Here were tin* centers 
of the Hebrew, Egyptian, Greek, and Ro- 
man civilizations. In the modern world, 
regions of this type of climate include pro- 
gre.ssive centers in Aihstralia, South Africa, 
central Chile, and California. These re- 
gions present a dixersity ot activities and 
products not excelled anywhere. Their 
winters, with mild temperatures and in- 
vigorating .sunshine, attract visitors and .set- 
tlers by the thousands. Their siirpliLses of 
fniits and vegetables are important addi- 


tions to the world’s food supply. All in all, 
the world of today owes much, in heritage 
from the past and in production of the pres- 
ent, to the lands with this type of climate. 
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REGIONS OF 

HUMID SUBTROPICAL CLIMATE 


The HU\fTD suB'mopjcAL climate 
of the eastern sides of the continents con- 
trasts distinctly with the even temperatures 
and dry summers of the Mediterranean 
climate of the west coasts. The eastern cli- 
mate has greater seasonal changes in tem- 
perature, and there is rainfall at all seasons 
except in China where winters are rela- 
tively dry. 

Character and Distribution of 
Humid Subtropical Climate 

The humid subtropical climate, most im- 
portant in the southeastern United States 
and southern China, prevails in the eastern 
parts of all land masses of continental size 
between the latitudes of approximately 25 
to 35 degrees from the equator (20® to 
30° in China). (See Map of World Cli- 
matic Regions.) It sometimes is called 
the cotton-belt climate because of the im- 
portance of cotton production in some of 
the regions. This type is transitional be- 
tween the tropical climates toward the 
equator and the intermediate climates pole- 
ward; unlike the Mediterranean climate, it 
lacks a unique, distinctive character of its 
own. 

Temperature, The humid subtropical 
regions have growing seasons of ten to 
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eleven months, but then* is the possibility of 
frost occurrence* during one to tour months 
each year. Ai the equatorward margins, 
there is a j)robabilitv of frost onlv during 
the coldest month, whereas along tlie cooler 
margins frosts are expected during the 
three or four c'oldest months. The aver- 
age temperature of the coldest month, how- 
ever, is above 43®F. (6®C. ), so that in many 
places there is but relatively brief interrup- 
tion of growth of the hardier types of vt‘ge- 
tation. 

Summers are warm but do not register 
the extremely high hunperatures reported 
from tlu* interiors of the continents farther 
poleward. For example, in midsummer a 
trip from Kansas City to New Orleans is 
likely to carry one from scorching heat to 
just wann summer weather. In southern 
Mississippi, Alabama, and Georgia prac- 
tically all summer days show thermometer 
readings well below the maxima reached on 
the plains of Nebraska and Kansas. Never- 
theless, the summers in the Cotton Belt 
are more enervating because the nights are 
warmer, the humidity is higher, and sum- 
mer is much longer than farther north. The 
“sensible” temperatures, that is, temper- 
atures as they are felt by the human body 
rather than read off the thermometer, are 
relatively high. (Ulus. p. 175.) 

The winters are mild, and much vegeta- 
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tion remains green throughout the coldest 
months. Snowfall is rare in the wanner 
latitudes and occurs only during the se- 
verest weather in the cooler areas. In the 
United States the most distressing features 
of winter are the cold waves which occur 
when masses of cold continental air from 
the interior penetrate all the way to the 
Gulf Coast and eastward to the Atlantic, 
causing severe damage to crops and physi- 
cal discomfort to man. In China, also, win- 
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Jliimid sub-tropical climate. Average tcmpiTa- 
ture and precipitation, Vicksburg, Mississippi. Al- 
titude 247 feet, total precipitation 52 inches. 


ter temperatures are rather severe in the 
lowland areas along the Yangtze expo.sed 
to the sweep of cold winds from the in- 
terior, whereas regions which are near the 
coast or are protected by mountain ranges 
have mild winter*!. 

In the humid subtropical regions of the 
Southern Hemisphere, temperature changes 
during the winter arc much less pro- 
nounced than in like regions in the North- 
ern Hemisphere. This is due to the pre- 
dominanc'e of marine influence — result of 
the lack of land masses poleward. Winters 


are milder and temperatures are less vari- 
able. 

Winds, The winds are generally light 
and variable. In the summer, warm tropi- 
cal winds predominate. This is particu- 
larly true in China and the United States 
because of the monscxmal conditions 
brought about by the large land masses of 
Eurasia and North America. As winter 
approaches, the belt of cyclonic storms 
reaches these regions, becoming dominant 
in the cooler portion, but only partially so in 
the warmer. In the United States, the cy- 
clonic storms, with occasional cold waves, 
are encountered more and more intensely 
and frequently as one goes northward in 
this area from Florida to Virginia. In 
China, the in-blowing monsoon dominates 
the summer and cold, out-blowing monsoon 
winds nile the winter. The climate oi 
southeni (Jhina th(*refore exhibits greater 
sea.sonal diflerences than do other humid 
subtropical areas. The winters are drier 
and c*onsiderably colder than one would 
expect judging by latitude, whereas in th(‘ 
othcT regions the winters are short, mild, 
and rainy. 

During the lattei part of summer, tropical 
hurricanes occasionally reach the coasts, 
causing serious damage to crops and ship- 
ping. Although usually less vigorous than 
in tropical latitudes, they constitute a men- 
ace to orcharding and city building that 
must be reckoned with along the Gulf and 
South Atlantic coasts of the United States 
and in southern China and Tonkin. Since 
these late summer storms are most likely to 
occur when crops are approaching the har- 
vesting stage, they often cause severe losses. 
Damages to orchard crops may be espe- 
cially serious, because often the trees as 
well as the fruit are destroyed. 

Rainfall. The rainfall is heavy, the 
annual average ranging from about 35 to 
over 60 inches. On the whole, the average 
in regions of humid subtropical climates is 
more than double that of the Mediterra- 
nean regions. Furthermore, except in 
China, the rainfall is more evenly distrib- 
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uted throughout the year. In the soiith- 
easteni United States there is no prolonged 
dry period (Ulus. p. 175), but since the 
autumn usually receives less rain than do 
the other seasons it is often called dry. 
Most of the precipitation occurs as rain, al- 
though some snow falls every wintcT in the 
northern sections. Along the southern 
margin snow is rare, in some plae<‘s un- 
known. 

The high relative humidity which pre- 
vails in winter causes (‘ven the mild temper- 
atures of that season sometimes to leel raw 
and disagreeably cold. Since the houses, 
as a rule, are not built to withstand cold 
and are not provided with heating svstems, 
during the winter season poorly clad people 
shiver and shake and liope for spring. 

Climatic conditions in the other humid 
subtropical regions of the world bear a gen- 
eral resemblance to those in southeastern 
United States, but they difler in some 
phases. Southern China, for example, has 
much more distinctly seasonal variation in 
rainfall ( Ulus, right). The southerly winds 
of the summer monsoon give rise to high 
teinj)eratures and much rainfall; the north- 
('rly winds of the winter monsoon are cold 
and dry. 

The humid subtropical region of South 
America extends northward to the truly 
tropical conditions in Brazil and Paraguay 
and southwestward to the semiarid plains 
which lie at the foot of the Andes. Within 
this extensive region, the rainfall conditions 
vaiy^ widely. Precipitation is well dis- 
tributed and generally quite dependable 
in the heart of the River Plate area, but 
toward the margins of the region, especially 
on the westward front, it is lower and less 
dependable. Severe droughts, which often 
result in heavy losses in grain and forage 
crops, are not infrequent there. 

Native vegetation. Under prevailing 
conditions of abundant rainfall and mod- 
erate temperatures, forests are the predomi- 
nant native vegetation, as they are in humid 
lands bordering to the north and south. 
The humid subtropical lands lack a distinc- 
tive vegetation type of their own. Savan- 


nas, or grassy plains, are usually limited to 
areas such as occur in some of the low-lying 
islands and on the tidal flats of the Caro- 
linas, where the ground is so water-soaked 
that trees will not thrive. The Argentine 
Pumpa is, however, a conspicuous exception 
to this prevalence of forest. The original 
vegetation of the Pampa was a treeless 
grass steppe, consisting in the more humid 
sections of a closed grass cover, but in 
many areas of tall bunch grasses. The 
former constitute the so-callcd pasta tiemo 



llimiicl Mih-tropical climate (monsoon variant). 
Average temperature and precipitation for Amoy, 
soiitliein Clima. Altitude 12 feet, total precipita- 
tion 47 mehes. 

(soft grasses), the latter the pasta dura 
(hard grasses). This prevalence of grass 
vegetation was probably due only partly to 
climatic causes, and largely to the fact that 
much of the Pampa is underlain by eolian 
loess deposits, or alluvial redeposited loess. 
At present little remains of the original 
vegetation. Much of the land is in crops, 
and trees have been planted in and around 
the settlements. 

Three broad groups of trees are domi- 
nant: the broad-leaved evergreen, the 
broad-leaved deciduous, and the narrow- 
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leaved evergreen. The first group is an ex- 
tension of a type common in the tropical 
rain forests. The other two groups, much 
the most common in this climate, are exten- 
sions from the intermediate climates farther 
poleward. Wliere winters are mildest, the 
broad-leaved evcTgrecns are most numer- 
ous, magnolia (Ulus, below) and li\e oak 
being among the best known. Thus, along 
the wann margins of these climatic areas, as 
in Florida and along the humid Gulf Coast 
of southeastern United State's, in southern 
Cliiiia, in northern Uruguay, and in south- 
ern Brazil, the broad-lea\’('d evergreen trees 
predominate on the better soils. 

Along the poleward margins the winters 
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Evergreen magnolia tree near Cinlfport, Mississippi. 

Excrptioiiallv fnge, lias HO-foot spread. 

are sufficiently se\'ere to induce seasonal 
leaf fall. In these areas the broad-leaved 
deciduous forest is dominant on the richer 
lands, oaks and poplars being the most com- 
mon representatives. Narrow-leaved conif- 
erous forest is found on the higher lands 
with thin soils and on lowlands with poor, 
sandy soils. Thus, extensive pine forests 
characterize the sandier portions of the 
Cotton Belt of the United States (Ulus, 
right) and the Araucaria, another conifer, 
flourishes on the hilly lands of parts 
of southern Brazil. Southeastern United 
States was for years the principal source 
of supply for yellow pine lumber for do- 
mestic markets. The industry, however, 
has carried on logging operations so ruth- 
lessly, without any attempt at reforestation, 


that the timber supply of the South now is 
seriously depleted. In general, the cut- 
over pine lands are not agriculturally pro- 
ductive; large areas are suitable only lor 
forest and should be so utilized. The tung 
industry of the Gulf states is one of the 
few adapted to utilization of the cut-over 
lands. The lands where broad-leaved 
vegetation abounds are the ones best 
adapted for agriculture. 



Courtcsif U. S. Forest Service 


Long leaf yellow-pine forest in Lonisuma 

Soils. Inasmuch as the regions of hu- 
mid subtropical climates are transitional 
between the seasonal warm and cold of the 
middle latitudes and the all-year warm of 
lower latitudes, and between the humid 
coastal areas and the drier regions of the* 
interior, it is not surprising that the soils 
likewise should show transitional charac- 
teristics. The influence of the prevalently 
higher temperatures in the equatorward 
areas is reflected in the distinctly reddish 
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soils, while in the poleward areas the soils 
generally have a yellowish color. In the 
warmest, most humid areas, lateritic soils 
similar to those described in Chapter Seven 
are not unc’ommoii. In general, the ma- 
ture soils are of the groups known as the 
red and yellow soils. 

Because of the high rainfall, the soils are 
so fully leached that they are weak in lime 
and other soluble mineral salts and there- 
fore belong to the general group of the 
pedalfers. Structurally they vary from 
fairly stable soils, similar to those in cooler 
climates, to weak soils, such as are com- 
monly found in the tropics. Inasmuch as 
soils with weak or poor structure entail 
heavy costs in labor and fertilizers if pro- 
ductivity is to be maintained, wise selection 
of lands is necessary for successful agri- 
culture. 

The alluvial lands are in general the most 
productive. In southern (]hina, agriculture 
is practically limited to the flood plains 
along the numerous streams; among these, 
the plains of Sz(*chwan on the upper 
Yangtze River, the plains of Tungting and 
Poyan Lakes, and the valley and delta of the 
Si River are the larg(\st and the most 
densely populated. In North America, the 
Mississippi is bordered by a notable belt of 
very rich alluvial soil. In Argentina, the 
broad phiiis of the Pampa have young 
loessal (coliaii) soils of high fertility, to 
which much credit must be given for the 
successful agricultural development of that 
region. 

In southeastern United States the upland 
soils are relatively poor and require c'on- 
tinued application of large amounts of fer- 
tilizer and labor for profitable production. 
This is a decided handicap when the crops 
must be sold in competition with those of 
soils upon which such costs are lower. 
From a climatic point of view, corn can 
be raised successfully, and good yields are 
obtainable; nevertheless, t*orn is of slight 
importance as a commercial crop because 
farther north in the United States it yields 
more heavily and with less expense for 
fertilizer. Cotton, like com, can be grown 
only with the use of heavy applications of 


fertilizers, but unlike com the crop does not 
have to compete in the market with one 
raised without such expense. 

Land Utilization 

Agriculture. The humid subtropical re- 
gions are capable of producing a fairly wide 
variety of crops especially on the better 
soils. The growing seasons are long, the 
winters are short and mild, and the rainfall 
is sufficient. However, many areas such as 
the .sandy regions of the American South, or 
the hilly land oi southern China, ha\’c poor 
.soils while in regions of medium fertility 
soils leach easily, and the problem of 
maintenance of fertility must Ik* nK*t. 

The transitional character of the humid 
subtropical areas applies to their crops as 
well as to their natural conditions. Thev 
have few distil utive crops not .shared by 
areas of oth(*r climates. In southern China 
and southeastern United States, th(* warm 
margins raise subtropical products, whereas 
the colder margins produce temperate cereal 
crops. The Pampa region has cooler .sum- 
mers, moderate rainfall, and excellent soils. 
Partly as a re.sult of the.se circumstances, 
corn, wheat, alfalfa, and cattle raising pre- 
dominate. 

Ill southeastern United States cotton .still 
is king, though over a .shrunken realm. In 
c'entral China cotton is important as a sum- 
mer crop, but there and in .southern China 
rietJ is the main grain crop. Although little 
cotton is grown in the humid subtropical 
regions of South Africa and Australia, it is 
of such great importance in America that 
the term cotton belt climate is, perhaps, 
justified to designate the type. 

In the United States the agriculture of the 
humid .subtropical region rests broadly upon 
a three-fold basis. In the extensive middle 
zone cotton is the dominant crop. This 
zone is flanked on the south by a belt in 
which the growing of citrus fruits, early 
vegetables, and berries predominates, and on 
the north by a belt of mixed farming; cotton, 
c*orn, oats, wheat, and tobacco. Through- 
out the region corn is grown for local use as 
food for animals and man. In the Cotton 
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Belt, corn dishes such as corn pone and 
johnny cake are much more popular than in 
the Com Belt to the north. 

Livestock. Although the humid sub- 
tropical climate is, in general, friendly to ani- 
mals as well as to plants, it is not noteworthy 
for livestock production. Feed is plentiful, 
but the native grasses lack the high nourish- 
ing qualities which are cliaraeteristie of the 
grasses in cooler climates. Insects are so 
numerous, especially ticks, that they are a 
serious handicap to the development of a 
dairy industry. Tlie ravage's ol ticks can 
be controlled by dipping the cattle at fre- 
quent interxals, but since the effectiveness 
of this method of control depends on its 
usage by all, organized euforcement is 
necessary — and that adds to the expense of 
production. 

Since horses do not thrive* we‘11 in regions 
where summers are long, warm, and humid, 
mules, which are much me)re te)le*rant of 
these conditiems, are the most commonly 
used draft animals. Tlie mule* has long 
bc'eii the* mainstay of ce)ttou production. 
Working either singly oi in a two-mule 
team, his pre’sence was as essential te) the 
American cotton landscajie as the Negro 
cottage with its Judas tree. He)we*ver, the 
general introductiem eJ tractors, and ma- 
chine methods e)f eultivatiein and harvest- 
ing ne)w in progress, are bringing about 
a change to less picturesejue but more 
efficient methods of production. Hogs 
abound, usually lean and flec't of foot, quite 
in contrast to their rotund cousins of Iowa. 
Poultry art* kept as adjuncts to the farm 
because they convert into palatable foods 
what would otherwise be wasted. In the 
humid subtropical area of the United States 
cattle ranching is carried on extensively in 
areas where land values are low and grasses 
arc fairly plentiful, and dairying has de- 
veloped where market and other conditions 
are especially favorable. The increase in 
livestock raising in the southern United 
States in recent years, based upon mainte- 
nance of sod on steep slopes and the use of 
legumes in rotation, represents a marked 
improvement in land use. However, these 


livestock industries do not find it easy to 
compete with regions of cooler climate, 
more nutritious grasses, higher yielding 
crops, and fewer insect pests. 

In China, the great density of population 
is not cxmdiicive to livestock raising, as it 
is more efficient to utilize food directly 
than through the intermediary of animals. 
However, the efficient hog is very impor- 
tant. 

A signal exc*eption is the Pampa region of 
Argentina, where the production of beet 
plays a leading role. For a long time cattle 
ranching was the only industry in this re- 
gion, but as the population has increased, 
catth* raising has been supplemented by the 
production of wheat and com for export. 
1 lowever, as y(*t, less than half of the Pampa 
is under cultivation, and cattle raising, in 
association with tin* production of feed 
crops such as alfalfa, remains a major phase 
of agriculture. In southeastern Australia, 
also, the livestock industry, especially dairy- 
ing, is very important. 

Cotton 

Although the agricultural activities in 
humid subtropical regions are quite diversi- 
fied, cotton is an outstanding cash crop. 
The world's greatest area for the commercial 
production of cotton lies in the regions of 
hiumd subtropical climate in southeastefn 
United States and in the immediately ad- 
jacent portions of drier and cooler climate to 
tETwest and north. Much cotton is grown 
also in tropical savanna areas, as in Ir^ia 
and Uganda. With the aidj[)f irrij;ation, 
Irgh-quality c*ottoii can be grown success- 
uilly in regions with warm steppe and 
desert climate, as in Cdifoniia, Turkestan, 
Peru , and Egypt. ( Ulus. p. 180. ) 

Climatic requirements. In the United 
States, cotton is grown only where the frost - 
le.^ season is more than 200 d^ys and where 
the average surnmer temperature does not 
fen below 77 °F. During the period of 
vegetative growth sunshine must be abun- 
dant, and the nights as well as the days 
must be warm. As a result of these rather 
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exacting temperature requirements, the cul- arid climates, cotton can be raised only with 
tivation of cotton is found only from the the aid of irrigation (Ulus, below), 
tropics to the warmer parts of the temperate 

zone. Historical significance. Cotton was 

The cotton plant needs a moderate used for the manufacture of coarse cloth 
amount of moisture, well distributed by the Indians of northern South America, 
throughout the growing period. An annual Central America, and the West Indies be- 
rainfall of 30 to 45 inches, or its equivalent fore the arrival of white men. It was a 
in irrigation water, is considered most favor- cultivated plant in India before the dawn 
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Irrigating cotton in San Joaquin Valley, Calif. Efficient water usage necessitates watchful care. 

able. During the harvesting season, how- of history and was grown in Egypt as early 
ever, comparatively-dry weather is essential, as the fifth century b.c. Not until the end 
because the quality of the cotton fiber in of the eighteenth century, however, was 
the open boll is impaired by rain and high the cotton fiber first used by the textile in- 
humidity. As the areas of rainy tropical dustries of western Europe. At that time, 
climate generally lack a pronounced dry sea- most of the raw cotton came from the 
son, cotton cannot be cultivated successfully Near East, although small quantities were 
there. On the other hand, tropical savanna imported from the West Indies and the 
and humid subtropical climates usually have Guianas. The fiber had to be separated 
long enough dry periods in the fall to favor from the seeds by hand or by primitive 
cotton harvesting. In Mediterranean or in machinery. This laborious ana costly 
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Principal cotton producing regions of the world and trade in cotton. 
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method made cotton too expensive for 
general use in cloth manufacture. The in- 
vention of the saw gin by Eli Whitney in 
1793 made possible cheap mechanical sepa- 
ration of fiber and seed. 

The spectacular growth of the cotton in- 
dustry in England and in New England 
opened the first chapter of the Industrial 
Revolution. Cheap machine-made cotton 
cloth began to replace linens and liand- 
made cottons in many i)arts of the world, 
thus creating an immense market. In re- 
sponse to the increasing demand, cotton 
acreage rapidly expanded, especially in the 
United States. In the South, cotton began 
its rule which, for better or worse, has 
lasted until the present. 


Principal cotton regions. Much har- 
vesting of cotton still is done by hand labor. 
A competent picker is able to gather about 
150 pounds a day. Cotton, therefore, re- 
cjiiires not only favorable climatic condi- 
tions, but also much cheap labor, manual 
or mechanical. Only certain sections of the 
subtropical and tropical savanna regions 
can meet both of these requirements. 
Commercial cotton production at present 
is limited to a rather small number 
of well-defined regions (Ulus. p. 181), 
among which the mo.st iin])ortaiit are the 
southern part of the United States, India, 
Pakistan, central China, Riis.sian Turkestan, 
Brazil, and Egypt. Of secondary impor- 
tance are Peru, Mexico, Uganda, the Anglo- 
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Sourer of data. U. S. Dept, of AgrictfUure. 


C()tt(jn production, principal countries. Average 1945-1946. 


Types of cotton. From a commercial 
point of view, cotton is classified on the 
basis of the length ot the fiber or the staple. 
A differenc*e of inch in length sometimes 
makes a difference of $25 per bale in price. 
Cotton with a fiber of less than 14 inches 
is classified as short staple; of more than li 
inches, long staple. By far the largest part 
of the cotton crop of the world is short 
staple. Staple length determines the use 
to which the cotton can be put: the longer 
the staple, the finer and stronger the yarn 
that can be spun and the finer the cloth 
that can be woven. The finest cotton 
dresses use long-staple cotton. Short-staple 
cottons make coarse yams and therefore 
coarse cloth. Some cottons have such a 
short staple that they are hardly fit for use 
in the manufacture of c'otton textiles, but 
they, with “linters” (fuzz of cottonseed), 
are a source of cellulose fpr the_m^nu£ac- 
ture^f^r^on. 


Egyptian Sudan, Korea, and Turkey. In 
some vears the Uuitc'd States produces more 
cotton than all the other regions combined 
(lllu.s. above). 

Cotton in the United States. The 
United States during the decade of the 
1940\s has produced between 40 and 55 
pei’ cent of the worlds cotton and conse- 
quently is still the dominant influence in 
the world market. The Cotton Belt lies 
south of the 36th parallel and east of the 
RX)th meridian. Because of high rainfall 
and high humidity during the harvesting 
season, no c'Otton is grown in most of Florida 
and but little within 40 or 50 miles of the 
Gulf or Atlantic Coasts. Cotton is grown 
on varioiisjtypes of soil, from sands to li ght 
clays, but the yields are highest on the black 
prairie soils of Alabama, Mississippi, and 
fexas, ' and on the bottomlands of the 
“Yazoo Delta” above Vicksburg. Still 
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higher yields are found in the irrigated 
cotton regions of the southwestern states. 
As the annual rainfall is heavy and the 
ground does not have the winter protection 
of freezing, commercial fertilizers must be 
applied liberally to the leached soils over 
all of the Cotton Belt east of Texas and 
Oklahoma in order to insure even moderate 
yields of fiber. 

The area in cotton has increased steadily 
from less than 10,000,000 acres in 1870 to a 
peak of 44,608,000 acres in 1926, and cotton 
still is the leading crop in most of the 
southern states (Ulus, below). Since the 


has lost ground through the years, 
whereas west of Alabama it has gained. 
Texas now is the lading producer and-Mis- 
sissippi is second. In most of Texas and 
Oklahoma yields of nonirrigated cbtfon are 
low, but the farms are larger than in the 
older parts of the Cotton Belt, and since all 
the bolls ripen at approximately the same 
time the c()tton can be picked mechanically 
at low cost with little wastage ( Ulus. B, p. 
184). The dry climate of these states has 
pro\’ed to be of great advantage in liinitiiig 
the depredations of the boll weevil, which 
flourishes in the more humid environment 
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Percentage* of tilled land in cotton in the sontlicasteni states. Cotton under irrigation is important in 
Arizona and California but total quantity produced is less tJiaii that of the .>oiithern states, notably Texas, 
Mississippi, and Arkansas. 


early thirties, however, there has been a 
sharp decrease in acreage, and since 1933 
it has usually remained well below 30,000,- 
000 acres and has even dropped below 
20,000,000 in 1945 and 1946. These 
changes in total acreage have been accom- 
panied by pronounced changes in distribu- 
tion. The once solid Cotton Belt has been 
broken into a few large areas of cultivation: 
in South Carolina and southern North Caro- 
lina; in the Mississippi region of Arkansas, 
Louisiana, Tennessee and Mississippi; in 
a region on the borders of Arkansas, 
Louisiana, and Texas; in eastern Texas 
and in northwestern Texas. In the 
Carolinas, Georgia, and Alabama, cotton 


to the east. An added advantage of the 
region west of Alabama » that the soils 
axe more fertile so that less fertilizer is 
needed. 

Another factor of economic significance is 
that the bulk of the crop in the American 
Cotton Belt is essentially of one type. The 
in^aiid.short-stapl.e cQttQlijL the longest of the 
snort-staple cottons and often referred to as 
"middlings,** constitutes more than 
cent of the total. It has considerably longer 
fiber than the Asiatic cottons, and therefore 
is in great demand by cotton spinners all 
over the world. Production of long-staple 
upland with fibers of 1} to If inches is 
limited to certain sections, especially the 
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I^co^aiid Red River Valleys of Texas, the cidc with those for cotton (Ulus, at left). 
Mississippi Delta, and lanas in the south- The small size of the farm.s prevents the use 
west. of much farm machinery, although in recent 

Cotton has put an indelible mark upon years mechanization has increased in the 
the entire ea)nomic and social life of the Delta area, the Texas black Waxy area, and 
soiitbem part of the United States. The especially in the western semiarid sections, 
plantation system and Negro labor were With it the size of the farms has tended to 
largely responsible for the rapid spread of increase. 

cotton cultivation during thc^ first half of the Until recently, mechanical picking of 
nineteenth century, introducing a mono- c*otton has been handicapped by inefficient 
cultural .svstem of agriculture with all its machinery; but improvements now being 



Courtcfnf Axsoerntton of Commerce, New Orleans. La 


(A.) Cotton bolls open ready for the harvest (B.) Harvesting cotton with eotloii picker 
Shows picking by hand This method of harvest- 
ing IS still general iliroughoui most of the cotton made point to rapid increase in the years 
regions of the world immediately ahead (Ulus, above). The 

problem is two-fold, namely, to maintain 
attendant evils. The old system of slavery the grade of the picked cotton and to avoid 
has been supplanted by a system of tenancy, damage to the plant while many bolls still 
from 60 to 70 per cent of the farms in the remain unready for picking. For many 
cotton states being operated by tenants, years educational and agricultural leaders 
while white farmers produce considerably have been urging more diversified farm- 
more than half of the crop. ing, and their efforts are at last bearing 

l^st of the^xjotton, especially in the old fruit. More recently the federal govern- 
part of the Cotton Belt east of the Missis- ment has entered actively into the program 
sippi, is grown on small farms. The neces- of planned production, and through its 
sity of hand-chopping and hoeing and pick- influence the trend is shifting somewhat, 
ing by hand limits the acreage of cotton The use of soil-building and soil-protecting 
per farm, and few other crops can be crops is being encouraged. The acreage 
grown because the labor peaks nearly coin- in les^pedeza has more than doubled in the 
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south in the last few years, and contour 
plowing is now a common practice. Even 
so, we may still expect cotton to remain the 
major crop in large sections of the American 
South. 

Ordinarily, about 40 per cent of the 
American cotton crop has been used in do- 
mestic manufactures and 60 p(*r cent has 
been exported, principally to European 
countries and to Japan. During the war ex- 
ports dropped shaq)ly, and even after the 
war the exports have remained well below 
the prewar figures. It remains to be seen 
whether foreign countries will ever again 
be able to absorb as much of the American 
cotton crop as they did formerly. The 
principal cotton shipping ports are Galves- 
ton and New Orleans. 

Other cotton-producing countries: 
India. Although cotton is widely grown 
in India and Pakistan, the principal districts 
lie in the western part of the Deccan Pla- 
teau (see page ISl ). The climate is of the 
tropical savanna type, with precipitation of 
20 to 50 inches and a dry period which lasts 
ajjproximately from October to June. In 
the western part of the Dc‘ccan Plateaujava 
sheets, comparable to those of the ColnniBia 
Plateau of the United States, haye given 
rise to fertile black soils which are retentive 
of moisture and do not need irrigation. 
Cotton is also grown on the ferruginous soils 
of the southera part of tlie plateau. It is 
planted in the beginning of the wet monsoon 
from mid-June to mid-July and can be 
picked early during the dry winter mon- 
soon, usually in November and December. 

In the Jhinjab or Upper Indus plains, and 
in the Sind or Lower Indus Valley, irrigation 
is necessary for c'otton culture. The Sukkur 
or Lloyd Dam, one of the largest irrigation 
projects in the world, provides water stor- 
age for irrigation of the Lower Indus 
Valley. 

Although American-type cotton is grown 
in the irrigated districts, much of the Indian 
cotton has such short staple, generally less 
than half an inch long, that it can be used 
only for coarser yams and types of cloth. 
Part of the crop is consumed locally or in 


the Bombay textile district, but more than 
half is exported. Japan normally is India's 
best customer for raw cotton, taking nearly 
half, but considerable amounts are also ex- 


Table \T 

Fstimatei) Areas Under Coiton in 
0:htain Countries and Continents 


Aieas 

In 1,000 Hectares 

i9:n- 

.‘^f) 

1958- 

59 

1915- 

11 

1911- 

1.5 

191.5- 

10 

1 1111 led Sillies 

11,195 

8,702 

8.097 

0,977 

Lalm America 

5,087 

5,018 

5,5.55 

5,085 

Asm’*' 

15,950 

10,980** 

9,280** 

9,090** 

A Inca 

2,510 

2,110 

2,510 

2,550 

Soviet Union 

2,027 

No 

No 

No 



data 

data 

data 


* W’llhout Soviet Asia. 

** Only part of China ineluded. 

Source: International Yearbook of Affiicultuial 
Statistics, 1911-12 to 1915-16, Bureau of the 
E.A.O. in Home, Vol. 1, Home, 1917. 

ported to China and to European countries. 
Bombay and Karachi are the principal ports 
of shipment. 

E(;yft. Plgypt has a desert climate, and 
agriculture depends entirely upon the water 
provided by the Nile River. Cotton, fa- 
mous for its long, silky fiber, occupies about 
one-third of the cultivated land and is 
grown principally on the low, fertile, easily 
irrigated lands of the Nile Delta. It is in 
great demand in Europe and the United 
States by manufacturers of fine yarns, fine 
textiles, and automobile tires. For the 
latter purpose, however, long-staple cotton 
is being replaced more and more by rayon 
fiber. A somewhat shorter staple cotton 
is grown the upper delta and in the 
valley. As a whole, the production of long- 
staple varieties seems to be decreasing in 
Egypt. 

China. The principal centers of cotton 
production in China are the hinterland of 
Shanghai — that is, the lower and middle 
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valley of the Yangtze River — and from 
there northward into the fertile delta lands 
of the Hwang-ho. Although the produc- 
tion is so large that China ranks as one 
of the principal cotton countries, little is 
available for export. Domestic demand ab- 
sorbs practically the entire crop. (Ulus. 
p.l81.) 

Russia. In Russia, cotton is grown ex- 
tensively under irrigation on the fertile 


South Amkrica. In South America the 
principal producing centers are in Brazil, 
Peru, and Argentina. In recent years Brazil 
has become a major cotton exporter, ex- 
ceeded only by the United States, India, and 
Egypt. The expansion of cotton acreage 
has come not so much in the old cotton area 
of northeastern Brazil as in the coffee re- 
gions of Silo Paulo and in those of Minas 
Gerais. It is possible that the area suit- 



Courti’sij Board of CovitnLstoturs, Port of Nero Orleans,. 


Bales of cotton being loideel in (k e.in-going steamer for export at New Orleans 


loess soils of Turkestan and in Transcau- 
casia. The total area has increased from 
less than 2,000,000 acres in 1910 to more 
than 5,000,000 acres just before World War 
11. Further expansion in both of these 
regions is* probable but ultimately it will 
be limited by lack of available water. Most 
of the cotton is of the American upland 
type. In recent years considerable cotton 
has been grown also in the North Caucasus 
area, the Crimea, and in the area of the 
southern Ukraine. 


able for cotton growing in Brazil exceeds 
that now so used in the United States. In 
P(*rii, long-staple cotton is grown in many 
of the irrigated valleys of the coastal des- 
ert. 


International trends. Raw cotton is 
light, can be tightly compressed into bales, 
and does not spoil easily. As it can be 
shipped long distances at low cost, areas of 
manufacture need not coincide with areas 
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of production, but manufacturers can seek 
locations where power, efficient machinery, 
and cheaj) labor are available. As a result 
of the.se factors, a)tton has become an im- 
portant article in world trade, and the 
United States has dominated the world 
market (Ulus. p. 181). 

Sinc-e World War I several countries, 
especially the United Kingdom and France*, 
have been endeavoring to make themselves 
mure indcp(‘ndent of American cotton. In 
the African colonic*s of these two countries 
govcTinnental eneouragement is causing a 
slow but steady expansion of the acreage. 
In the Anglo-Egyptian Sudan, the Gezira 
irrigation project, on the Blue Nile near 
Khartoum, has made possible the develop- 
ment of a new region, which produces 
mostly long-staple Egyj:)tian cotton. In 
Uganda, American upland cotton has be- 
a)me an important crop. Cotton produc- 
tion is increasing in Nigeria, Kenya, the 
Congo, Algeria, and French West Afric'a. 

All regions outside of the* United States 
have shown a decided upward trend since* 
the ]92()s. Nevertheless, this country still 
is the leading producer. Continued su- 
premacy depends, however, not only on 
the favorable natural environment but also 
on ch(*ap labor, or mechanized high-qualitv 
jjroduction, so that the crop can be sold on 
world markets at prices low enough to meet 
the increasing competition with other coun- 
tries. 

Centers of consumption of raw cotton. 
The principal cotton textile districts of the 
world are in Gteat Britain, the United 
States, Germany, Russia, France, Italy, 
Czechoslovakia, Belgium, the Netherlands, 
and other European countries. Other im- 
portant c'otton manufacturing districts have 
developed in recent times in Japan (0.saka, 
Nagoya, and Tokyo districts), India (Bom- 
bay and Madras districts), and China 
(Shanghai district). 

The American c*otton textile industry 
started in New England, where cheap water 
power and a good labor supply were avail- 
able. For many years that section was tin* 
main industrial consumer of cotton. Since 


the turn of the century, however, the trend 
in cotton manufacture in the South has 
been sharply upward, particularly in the 
Piedmont districts from North Carolina to 
Alabama. As a result, the South has now 
far outstripped the North as a consumer of 
raw cotton. The old agricultural South has 
become* a section where manufacturing in- 
tt*rests compete* for labor and for public 
favor with agriculture. This change is hav- 
ing profound effects, not only industrially 
but also socially and politically. 

Peanuts 

The peanut, thought of by most people 
as something to be bought in small paper 
bags and eaten at circuses and ball games, 
is a ])roduct of great commercial impor- 
tance as a source of vegetable oil for the 
maniifactnu* of cooking oils, oleomargarine, 
soap, and greasing oils and as an animal 
feed. Peanuts thrive best in soils of loose 
structure which are fertile and slightly 
alkaline*. Th(*y grow, however, also on 
sandy soils where warmth and moderate 
rainfall prevail throughout a long growing 
season. 

Tablk VII 

Production of Pkanuts in Principal 
Phoducinc (Lountriks 


In 1,000 ijuintals of 
Unshelhd Nuts 


Countries 

19.1 1- 
19158 
Av. 

19i:5 

1944 

1945 

United Slates 

r).:597 

9,910 

9., 374 

9,263 

Burma 

l,(5r>9 

906 

No data 

1,148 

China 

20,107 

26,017 

26,879 

26,939 

India 

27,002 

38,84.3 

39,179 

31,630 

French West 


Data 

Data 

Data 

Africa 

7,807 

incom- 

incom- 

incom- 

Nigeria . . 

3,:548 

plete 

2,069 

plete 

2,2.38 

plete 

2,5.38 

Netlierlands 

Indies 

2,108 

No data 

No data 

No data 


Sourer*: Jnlerrmlional Ycarltook of Agricultural 
Statistics, 1911-12 to UMr>-4(), Bureau of the 
F.A.O. in Rome, Vol. 1, Rome, 1947. 
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Peanuts are produced in tropical and sub- 
tropical lands and even poleward of the 
subtropics. In the latter regions the seed 
remains smaller and the oil content lower. 
Important centers of production have de- 
veloped in southern and eastern Asia, south- 



(A ) Peanuts PemMitages of total 
j)ro(ln(*tioii by continents. 


eastern United States, and we.stern Africa 
(IIiIlS. above). 

Principal exporting CHiuntries are India, 
Senegal, Manchuria, Nigeria, China, and 
Gambia. In India, production is favored 
not only by a dense population that uses 
peanuts as one of se\'eral sources ol edible 
oils, but also by export markets in Euro])e. 


Peanut growing has been fostered in west- 
ern Africa by the French and British, whose 
tropical colonial possessions are considered 
natural sources of supply of edible \’egetable 
oils needed bv the home countries, which 
are short of fats. In China, peanuts have 
bec*oine a major cash crop in the Shantung 
area and adjac(*nt portions of the countrv. 
The total annual crop ol (Jhina is estimated 
at about 3,000,()()() tons, of which from 100,- 
000 to 200,(K)0 an' exported. 

In sonth('asteni United States peanuts are 
important in every stat(' from Texas to 
Virginia, but outstanding production is 
found in Georgia, North (Carolina, Virginia, 
Alabama, and Texas. The* acn'age has m- 
crea.sed six-fold since 1899, one of the mo.st 
marked increases shown bv any crop. Re- 
cent figures have plact'd the total area in 
peanuts in thc' Unit(‘d States at over 4,000,- 
000 acres with production of about one 
million tons (Ulus, below). 

Vegetables and Subtropical Fniits 

In all the regions of humid subtropical 
climate the production of fruits and vege- 
tables is important for local sustenance. 
Commercial production, howexer, has 
reached a greater development in .south- 
ea.stern United States than elsewhere, be- 
cause the* population cx'iiters farther north 



(B.) Avprage U. S. production of peanuts by states, 1930-1939 and 1940-1946. 
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afford splendid markets easily reached by 
modern transportation facilities. On the 
coastal lands from Texas to Virginia, horti- 
culture is the leading form of commercial 
agriculture. The profits from vegetables 
depend largely upon the possibility of mar- 
keting the pioducts before they must meet 
the competition of those grown near the 



Coutlisi/ I lotida C'ltius L\( hauf'c, Tampa, T'londa. 


(A.) Grapefruit oi chard vvitJi pickers at work. 

population centers farther north. Growers 
must, therefore, plant as early in the .season 
as possible and ri.sk the danger of frost. 
Potatoes from Florida and southern Texas 
run a close race with those from Cuba and 
Bermuda in reaching northern winter mar- 
kets, with slightly later production coming 
from southern Louisiana, southern Alabama, 
and the coastal strip of South Carolina. 


Louisiana is the leading state in furnishing 
early strawberries. Southern Florida and 
southern Texas have developed a large pro- 
duction of early tomatoes. 

Tree crops are primarily types that can- 
not be produced in the cold-winter areas. 
Hence, competition does not result in pres- 
sure for early production, except for crops 
such as Georgia-Carolina peaches. 

In central and southern Florida citrus 
fruits occupy the center of the stage. There 
the severity of the winter cold waves is so 
modified by the warm ocean water on both 
sides of the peninsula and by th(‘ numerous 
lakes which dot the surface that large-scale 
production of the tendc'r subtropical fruits 
is possible. Florida vies with California 
as an orange-growing state. Favored by 
abundance of rainfall, (extensive areas of 
relatively cheap land, and large markets, 
expansion m this line is continuing. 

Tung nuts product'd for oil are becoming 
increasingly important in the Gulf States 
from Louisiana to P'^lorida, centering in Mis- 
sissippi. 

Grapefruit, The peninsula of Florida 
with humid subtropical climate, and south- 
ern Texas, with an arid climate, are the 
world’s foremost centers of grapelruit pro- 
duction, the two sections together account 
for over 80 p(*r cent of the world’s produc- 
tion (Ulus. b('Iow). Other irrigated arid 
regions with important grapelruit produc- 
tion are Arizona, Palestine, and California. 
Tropical Puerto Rico also is a significant 
centcT. Oiu* of the remarkable develop- 
ments in recent decades has been the tre- 
mendous increase in production and con- 
sumption of fresh grapefruit and canned 
grapefruit juice in the United States. In 
1925 the total production of the United 
States was one-quarter million tons; in 1945 
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(B. ) Grapefruit production in U. S. A., by principal states. Boxes weigh 68 lbs., California and Ari- 
zona, 80 lbs., Florida and Texas. 
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it reached the record figure of 2i million 
tons. Small quantities are brought in from 
Puerto Rico, but exports far exceed imports. 
Most of the exports are directed toward 
Canada and the United Kingdom. Al- 
though expansion of grapefruit culture is 
reported from the West Indies and the 
other production regions mentioned, Flor- 
ida (Ulus. p. 189) and Texas will probably 
remain the principal centers of production 
in the Western Hemisphere because of 
abundance of suitable land, sufficient rain- 
fall, or ample water by irrigation and less 
danger of loss by hurricane than in the 
West Indies. 

Rice 

Although accurate data are wanting, it 
is estimated that the world production of 
rice may safely be placed at about 1,500, 000,- 
000 quintals^ of rough rice annually. On 
that basis the world’s rice crop exceeds that 
of corn and in some years may well exceed 
that of wheat. However, the inedible por- 
tion of rough rice exceeds that of threshed 
wheat. Rice is a major food of the wheat- 
less multitudes of the Far East and the 
Middle East, and is becoming increasingly 
important as a basic foodstuff in Caribbean 
America and parts of South America In 
those regions rice is what white wheat bread 
is to the European, the most desirable but 
also a relatively expensive food. 

It is not known where rice originated in 
the dim past of early human progress. 
Wild species of rice are found in the wet 
swampy regions of southeastern Asia and 
tropical Africa. The principal species that 
was domesticated, Oryza sativa, has re- 
tained all the characteristics that indicate 
an original swamp habitat. There are nu- 
merous varieties of rice, each with its 
own particular characteristics and require- 
ments, but all must have^high temperatures 
in order to germinate, bloom, and mature 
Some of the tropical varieties will not germi- 
nate at temperatures below 68°F., and 
the most favorable temperature is often 
considerably higher. Little rice is grown 

^ One quintal equals 220 pounds; one hectare is 
2.47 acres. 


where average January temperatures fall 
below freezing point. 

These temperature requirements make 
ric‘e a crop of the tropics and subtropics. 
Within these climatic areas, the geographic 
distribution of the rice crop is limited by 
its heavy needs for water. It must have 
much water, both in and upon the soil. 
The easiest way to supply the water is to 
irrigate and temporarily flood the land. 



Courtesy rhilipjuue Trade Cowwission, 
\\ a shin ('ton, D C 


Terraced rice fields in the mountains of Lu7on, 
Philippines. 

Unlike most other crops, rice does not re- 
quire air for germination; therefore it finds 
a swamp habitat favorable for growth. 
Rice is the only great crop that is grown on 
actually flooded fields ( Ulus, above ) . Some 
rice, the so-called “upland rice,” is grown 
on dry, nonirrigable land, where it must de- 
pend upon precipitation, but this is possible 
only where rainfall is heavy. Even then 
the yield is meager, and if moisture should 
be a little below expectations, the crop 
often is a complete failure. Heavy, water- 
retentive soils, with a high clay and silt 
content, underlain by a hardpan that slows 
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up percolation, are most advantageous to Japan, Fonnosa, Java, and the Philippine 
rice. Islands (Ulus, below). 

Subsistence agriculture in the tropics, 
Distribution of production. The cli- usually primitive and extensive, often even 
matic and water requirements have tended with migratory tendencies, has developed 
to limit the cultivation of rice to the great, unparalleled intensiveness in those regions 



Print ipal rice producing regions and trade in rice. 


gently sloping river lowlands, deltas, and where rice is the principal crop. With 
coastal plains of tropical and humid sub- primitive implements, but with an unending 
tropical regions, where soils are heavy, tern- amount of care and an astonishing quantity 
peratures high, and moisture is plentiful, of labor, the land is prepared and the rice 
These factors, together with the demands crop is grown and harvested. The cultiva- 
for food to supply the dense populations, tion of rice represents tropical native agri- 
account for the extensive cultivation on the culture at its best and in its most stable 
lowlands of southeasteni continental Asia, form. 
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Methods of production. With an un- 
limited expense of labor, the result of gener- 
ations of effort, the land has been terraced 
and subdivided into small holdings. Each 
parcel is surrounded by a little dike to hold 
the irrigation water, which is admitted or 
pumped in at the upper side of the terrace 
system and led slowly from terrace to ter- 
race until the surplus r(*aches the river be- 
low (Ulus. p. 190). The individual rice 
fields, ‘paddies ” or “sawahs,” or whatever 
their local names may be, are prepared 
meticulously. They are ploughed into a 
thick, soft mud and carefully leveled. The 
primitive economy of the native farmer and 
the small sizes of the fields preclude the use 
of modern machiTler)^ About the only 
kind of animal that can stand the* rigors of 
labor and climate is the slow, poorly di.s- 
ciplined carabao, or wat(T buffalo. The 
young plants, grown with utmost care and 
attention in nursery beds, are transplanted 
into the muddy field by hand. Cultivation 
and harvesting are likewise carried on al- 
most entirely by hand labor. 

Social relationships. Rice cultivation 
in the Orient — with the attention gi\en in- 
dividual plants and with the everlasting 
care for the maintenance of terraces, dikes, 
and irrigation works — is one of the most 
labor-intensive types of agriculture in ex- 
istence; in many places it borders on true 
horticulture. Where the conditions of the 
natural environment arc favorable, espe- 
cially where an ample supply of water is 
assured, rice is one of the safest crops that 
can be grown. With sufficient water, crop 
failure is rare, although in some lowlands 
there always lurks the danger of destructive 
floods. In many sections two rice crops 
can be grown in the course of a year or one 
rice crop and one nonirrigated crop. This 
method of rice production thus makes pos- 
sible a dense population and at the same 
time requires a dense population because 
of the amount of hand labor involved. The 
areas of great rice production are for the 
most part also areas where the density of 
population is far above the average. 

Rice production is necessarily a stable 


industry, greatly dependent upon orderly, 
peaceful conditions, and therefore is likely 
to develop a highly conservative small 
peasantry, strongly rooted in the soil. The 
co-operation and organization that are 
essential elements in successful rice culti- 
vation undoubtedly aided the early de- 
velopment of such civilizations as those of 
India and China. 

No dietary habit seems to be more 
.strongly entrenchc'd than the eating of rice, 
and no agricultural habit seems to have be- 
come more strongly entn'iiched than the 
growing of rice. The peasant oi the Indian 
lowlands, of Java, or of southern China 
tends to grow rice wherever he goes. This 
tendency may explain the cultivation of 
rice in areas which are sc'cmingly on the 
extr(‘me margin of profitable cultivation, 
as in northern Honshu, southern Hokkaido, 
north China, and Manchuria. The prefer- 
ence for rice coujffed with the pressure of 
population and the absence of adeejuate 
transportation facilities may explain the 
staggering amount of manual labor ex- 
pended upon the terracing of hillsides — 
and even of mountain flanks — in. order to 
make them fit for irrigation and thus for 
“paddy” rice. ^ 

Western agriculture, which has always 
centered around the bread grains, has given 
relatively little attention to rice. In Europe, 
rice is raised in only a few areas, such as 
the plains of Valencia in Spain and of the Po 
in Italy. Here, with the aid of modern plant 
breeding and the scientific application of 
fertilizers, rice has be(m made to yield as 
much as 60 quintals per hectare. Average 
yields, however, are considerably lower — 
about 40 quintals per hectare for Spain and 
30 for Italy. Other average yields are 26 
for Japan, 18 for Egypt, 17 for China, 14.5 
for the United States, and from 8 to 15 for 
most other parts of the Far East. 

The areas where rice could be grown are 
much larger in North America than in 
Europe. In many parts of the warm, rainy 
South the natural environment is favorable; 
before the Civil War rice was grown with 
the aid of slave labor as far north as South 
Carolina. It has not, however, become an 
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important crop in the southeast, because of 
the minor role it plays in the white man s 
diet and the amount and disagreeable type 
of labor involved in its cultivation. With 
modem methods adapted to American aims 
of high production per worker, rice is pro- 
duced on the low, black coastal prairies of 
Louisiana and Texas, in the Mississippi 
lowland of northeastern Arkansas, and 
in the Sacramento Valley of California. 
These machine methods have b(‘en so suc- 
cessful that at present the United States 
produces more rice than it needs tor home 
consumption, though rice has become a tra- 
ditional part ot the diet in French Louisiana. 
Because of the high quality and mass pro- 
duction of the Amerii‘an product, the sur- 
plus is exported in siieees.sfiil eoinpetition 
with that grown under primitive oriental 
conditions. 

World production and international 
trade. Since rice is grown on a small scale 
for local consumption, its international 
trade does not attain the importance ot that 
ill wh(‘at. Nevertheless, world trade in 
ric‘e has been growing steadily in recent 
decades and is ot vital importance to the 
continent ot Asia. 

In the densely pojmlated areas of south- 
ern and central China, Japan, and Java, 
production is not sufficient to inec^t de- 
mands, ex eii though part of the population 
is too poor to eat rice regularly. These are 
the principal importing countries, to which 
may be added the Philippines, Malaya, the 
Cuter Provinces ot the Netherlands Indies, 
and western Europe (Ulus. p. 191). The 
Philippine Islands and the OutcT Provinces 
easily could produce sufficient rice for do- 
mestic requirements, but the interest of the 
population lies more in the direction of cash 
exports. Nearly all countries of western 
Europe are importers ot rice because their 
populations were taught its use when early 
colonial ventures made it available at c'om- 
paratively low prit'cs. 

The regions of surplus production of rice 
(Ulus. p. 191) are characterized by excep- 
tionally favorable physical environment and 
by moderate density of population. India 


and Ceylon obtain most of their imported 
rice from Burma, as Japan obtained most 
of its imports from its former possessions, 
Formosa and Korea. French Jndo-China, 
Siam, and Burma sell not only to other Far 
Eastern countries but also to Europe. A 
large percentage of the rice sold in the East 
is handled through and distributed by the 
two great entrepot ports of Hongkong and 
Singapore. The only other oriental export- 
ers that need be mentioned are Egypt and 
Iran. The producing regions in Europe 
and North America raise rice of excellent 
quality, and all have considerable quanti- 
ties available tor exports. Rice from the 
United States is exported to the island pos- 
.sessions, Puerto Rico and Hawaii, to Cuba 
and Central America, to Europe, and even 
(o the Orient, while that ot Italy and Spain 
goes to other European countries. The 
consumption of rice tor food and tor in- 
dustrial purposes, such as flour and starch, 
has called a milling indu.stry into life in 
several western countries. Since World 
War I, however, this industry has encoun- 
tered a tendency tor most ot the milling to 
be done in the countries of export such as 
the United States, 

Tea 

Thejea shrub {Thea sinensis) is a broad- 
leaved evergreen limited in commercial 
production to areas when* there is no cold 
season. It is, however, tolerant ot a wide 
range of warmth such as prevails in the 
tropical and subtropical regions. The tea 
bush has been known to survive as far north 
as southern France, and it can be grown in 
southeastern United States. 

As the tea shrub is moisture-loving, its 
commercial cultivation is confined to rainy 
tropical and humid subtropical regions. 
The teas of commerce consist of the dried 

S leaves and tender sprouts of the 
, and the necessary vigorous growth 
is possible only where rainfall is ample and 
dependable and the air constantly humid. 

The tea industry requires an abundant 
supply of cheap Plucking and pre- 

paring the leaves is a tedious task, and one 
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that requires considerable skill. It is im- the use of tea spread to Europe and other 
probable that any kind of machine can (‘vcr parts of the world. From a luxury which 
be devised to perform this work. Successful only the wealthy could afford, it became a 
tea plantation^, therefore, can be estab- necessity and an important article of world 
lished only v^ere density of population is trade. At present, production of tea for 
high and labor costrrcIativHy r6w.‘"T& the world market is concentrated in India, 
environmental and economic factors arc C eylon^ the Ni^therjands Indies, China, and 
responsible for the concentration of the J^an (111 us. below). 
commercial tea industry of the world in There are two main varietal groups of the 



Principal tea producing regions of the world and chief exporting c*ities. 


the countries of southern and eastern Asia, tea plant, the Chinese and the Assam. The 
Minor c*enters of production are located latter was discovered wild by the British 
elsewhere, such as in the humid subtropical in northeastern India and has been domesti- 
portion of Transcaucasia in the Soviet cated. It grows taller and has much larger 
Union. leaves than has the Chinese variety. While 

China ajnd Japan grow the Chinese vari- 
Historical development. The necessity eties exclusively, India, Ceylon, and the 
for extreme caution with drinking water Netherlands Indies cultivate the Assam tea. 
and the practice of boiling it may be partly 

responsible for the early popularity of tea Distribution and commercial produc- 
among the Chinese. From the Far East tion, India is the principal tea exporter of 
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the world. The industry centers in the 
flat, alluvial lands on either side of the 
Brahmaputra River and in the region im- 
mediately south of the Assam HillsA' This ' 
part of the country has very j iigh rainf^a ll, 
averaging from 8^0 to 100 inches per year in 
the tea regions^^ipSn High humidity, 
heavy dews, and morning fogs favor rapid 
development of yo ung leav es. From De-/ 
cember to February, however, this part of 
India has a c*ool season, at which time the 
shrubs remain dormant. During the re- 
maining nine months leaves can be picked 
every eight or nine days.- Another impor^k 
tant tea area is in the foothills of the Hima- 
layas^ near Darjeeliryi^ where the tea gar- 
dens lie at altitudes of up to JLQQQ feet^ 
Here the slow growth of the plant, resulting 
from lower temperatures, leads to the pro- 
duction of a high grade leaf. The yield 
per acre, however, is C'onsiderably less than 
in the lowlands. In southern India tea is 
grown along the rainy west flanks of the’- 
Western Ghats. Tliere, and in iieighboring 
Ceylon, plantations lie at greater altitude's 
than in Assam. No unfavorable sea.son 
interferes with the growth of the leaves, 
and picking can continue throughout the 
year. 

.Tea is grown in all .sections of Taya, but 
production is mo.st intensive on tne fertile 
volcanic soils of the higher districts of West 
Java, where rainfall is plentiful at all sea- 
sons. In recent years the Deli district on 
the east coast of Sumatra, has also become 
an important producing area. 

The tea produced in India and the Ea.st 
Indies is of the black type, which requires 
fermentation of the leaf, along with wither- 
ing, rolling, and firing. The Assam variety 
contains a high percentage of tannic acid 
(tannin), and although the fermentation 
process eliminates nearly half of this, suf- 
ficient is left to impart to the beverage a 
strong flavor and a certain pungency liked 
by Western consumers. 

ghine_se tea, grown principally in China, 
Japan, arid Formosa,. is more delicate than 
the Assam variety. It is made into both 
gregiiL and black.-tea< Green tea is that 
which is not allowed to ferment. In China, 


production c'enters in the hilly belts. that 
.surround -the_ Yangtze basins. During the 
summer months the monsoons bring consid- 
erable precipitation to all of southern 
China, and this, together with high tem- 
peratures, favors the growth of ybufig 
leaves. In most districts there are three 
harvests: one in the early spring (March, 
April) furnishing first-quality leaves, the 
so-called Pekoe; the second in the early 
.summer (May, June) yielding leaves of 
medium quality; and the third in late sum- 
mer (August, September), of decidedly in- 
ferior quality and not entering world trade. 

Production is in the hands of small farm- 
jers who devote most of their time to the 
cultivation of foodstuffs and grow tea as a 
spare-time crop chiefly on sloping lands not 
suitable for other crops. The large number 
of miniature tea gardens and the nearly 
complete absence of modern plantations re- 
sults in a heterogeneous product not so 
suitable for large-scale commercial methods 
of selling. Furthermore, the methods of 
manufacture are rather antiquated. As 
late as the end of the nineteenth century 
China was the world's most important ex- 
porter of tea, but the ('xports have declined 
greatly as a result of the competition of 
other areas which grow teas of stronger 
flavor. 

I n Jap an, tea production centers on the 
Pacific side of south(Tn Honshu, Shikoku, 
and Kyushu. This part of Japan has milder 
winters and rec'cives C'onsiderably^ more 
fain from the monsoons than does the west 
coast. The growing season lasts from six 
to eight months and, as in China, three to 
four pickings are possible. Much of the 
tea is grown in jthfiiogthiUs^nd on higher 
terraces, where there is less competition 
from other crops. The exports consist en- 
tirely of gree n .teas.* Formosa is well 
known for its produc'tion of oolong, a semi- 
fermented tea. 

Tea is a typically English drink. More 
than three-fifths of that which enters world 
trade is exported to parts of the British 
Empire. It is therefore logical that the prin- 
cipal tea trading center of the world should 
be in London, in the Mincing Lane district. 
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The only other country outside the British 
Empire with a high per capita consumption 
is the Netherlands. Although Russia is the 
land of the samovar, tea has remained a 
relatively expensive product Most of the 
tea imported into the United States origi- 
nates in India, Ceylon, and Japan. Minor 
quantities arc imported from the Nether- 
lands Indies and China. 

Silk 

Silk is by far the most expensive textile. 
It is a de luxe product which only the richer 
countrie*s in the world can afford to buy in 
larg(* quantities. Tlic United States is the 
leading consumer. In China, the classical 
land of sericulture, the wearing of silken 
garments was long the exclusive privilege of 
the upper classes. Silk and spices, com- 
pact and valuable, were the principal prod- 
ucts sent to southern and western Europe 
from the Orient during the Middle Ages. 
In many European countries of those times 
the use of silk in clothing was one of the 
prerogatives of the nobility and the higher 
clergy. 

Silk is the product of the caterpillar of a 
moth {Bomhtjx mori) that spins itself a 
cocoon of silken threads when the time has 
come for its metamorphosis. This cater- 
pillar, usually referred to as a silkworm, 
has the distinction of being cared for like 
a domestic animal. It feeds exclusively 
upon the young leaves of the mulberry tree, 
preferably the white variety. Sericulture, 
therefore, is directly dependent upon the 
cultivation of this tree. 

Distribution and production. The 
white mulberry is primarily a tree of the 
humid subtropical climate, though it can 
be grown farther poleward. Only where 
the winters are comparatively short and 
mild, the summers warm, and moisture 
fairly abundant does it form young leaves 
in sufficient quantities to support large- 
scale rearing of silkworms. TTie trees are 
pruned into bush form in order to facilitate 
the gathering of the leaves. As the tree 
grows fairly well even upon poor soils, the 


mulberry groves can be relegated to rather 
mediocre sandy or gravelly areas, or to 
steep slopelands, thus leaving the better 
lands for food crops. 

The rearing of the silkworms is carried 
on in the fann homes or in specially con- 
structed sheds. Although in this way a 
certain measure of protection is provided 
against inclemencies of the weather, silk- 
worms cannot be raised economically where 
it is too cold or too warm and humid. The 
silkworm needs temperatures that never fall 
below 6()®F. during the breeding season; 
this limits their rearing largely to areas 
with a subtropical climate. 

Large parts of the world are climati- 
cally suitable for sericulture. Southeastern 
United States, for example, has a climate in 
which both mnlbeny and silkworm can 
thrive. Nevertheless, sericulture is con- 
spicuously absent from this country and 
from some other climatically suitable lands. 
Tlie reasons are mainly economic and 
social. The rearing of silkworms is tedious 
work, requiring infinite care and patience 
and demanding vigilance both day and 
night. It can be carried on suocessfully 
only if a large amount of cheap, c*onscien- 
tious labor is available. Thus, “the raising 
of silkwonns is usually a family industry, 
carried on by the women and children of 
a crowded agricultural population, where 
the land alone cannot adequately support 
those living upon it. 

China and Japan are die main silk-pro- 
ducing countries of the world. In China, 
the industry centers in the densely popu- 
lated area west and south of Shanghai, in 
parts of the Szechwan basin, in the delta 
region of the Si-kiang near Canton, and in 
the Shantung Peninsula. So-called loi/d or 
tussore silk, the product of a caterpillar that 
lives on oak trees, is produced in the Shan- 
tung and Liaotung peninsulas. True pon- 
gee is woven from this kind of silk. 

In Japan, sericulture is practiced as far 
north as Hokkaido. Most of the silk, how- 
ever, is produced not on the fertile plains 
but on the steeper slopes of central Honshu, 
where good agricultural land is scarce and 
where population is so dense that means 
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must be found to supplement the meager 
income derived from ordinary crops. 

Although adequate statistical data are 
lacking, it appears that the continent of 
Asia produces nearly 95 per cent of all the 
silk in the world. Although China was 
formerly the principal exporter of silk, now, 
as a result of great improvements in sericul- 
tural practice and the expansion of its silk 
trade, Japan holds first place. Centers of 
minor production in Asia arc Korea, Ton- 
kin, India, Russian Turkestan, Persia, and 
the Near East. In Europe, silkworms are 
raised in northern Italy and a few other sec- 
tions of the Mediterranean region. How- 
ever, production in most of these European 
centers is slowly declining. In view of the 
enormous increase in the production of 
rayon and other artificial fibers, production 
of silk in Japan has remained remarkably 
stable. In 1938 world production of raw 
silk was estimated at 50,000 metric tons, of 
which Japan was credited with 40,0(K). In 
the same year the production of rayon and 
rayon staple fiber was estimated at 880,000 
metric tons. The depression of the 1930’s 
and the increasing competition of nylon 
seriously hurt the Japanese silk industry 
even before World War II shut off all sales 
of silk by Japan to the United States. 

Processing, The silk cocoon may con- 
tain 300 to 600 yards of filament. The un- 
winding of the cocoons and the uniting of 
3 to 10 filaments into one final thread of 
raw silk is called “reeling.” This proc*ess 
requires great patience, dexterity, and at- 
tention to detail. In many regions, espe- 
cially in China, the cocoons are reeled in 
the home. In the more advanced silk- 
producing centers, small reeling establish- 
ments known as jilatures, with mechanical 
power, are scattered through the country- 
side, each one taking care of the cocoons 
produced in the neighborhood. The prod- 
uct of the filatures is known as raw silk. 

At present, although silk textiles are 
widely manufactured in China and Japan 
for domestic use and even for export, prob- 


ably half of the total production of raw silk 
moves from the producing countries to cen- 
ters of manufacture in occidental countries. 
The manufacture of silk textiles depends 
not so much upon the availability of cheap 
power as upon the presence of a body of 
workers highly skilled in designing and 
manufacturing. 

Since the American standard of living 
precludes production of silk here, the 
United States must import all of its raw 
material. It absorbs about 85 per cent of 
the raw silk exports of Japan, while smaller 
quantities are imported from China, Italy, 
and other countries. The manufacture of 
silk textiles is concentrated in Pennsylvania, 
New Jersey, New York, and southern New 
England. Important centers of manufac- 
ture in Europe are the districts around 
Lyons and Milan; smaller centers are found 
in and around Zurich, Switzerland, and 
Crefeld, Germany. 
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Chapter Twelve 


THE INTERMEDIATE 

CLIMATIC REGIONS; I. THE HUMID TYPES 


Between tiie bei/is of all-ykab 
warm climates and the all-year cold arc 
belts marked by ^’igorolls seasonal extremes, 
the areas of the “prevailing westerlies’’ or 
of the cyclonic storms, where we find the 
intermediate climates. 

The belt in the southern hemisplierc lies 
mostly over water, between the southern 
parts of the American, African, and Austral- 
ian continents and the Antarctic continent. 
Only southern Chile, southern Argentina, 
Tasmania, and New Zealand are affected all 
year through by this belt. In the northern 
hemisphere the major land masses of North 
America and Eurasia are located within it 
(World Climatic Map). Meteorologically 
and climatologically the northern belt is far 
better known than the southern belt, and 
it is also of much greater importance. 
Thus, most of what is said here applies to 
the northern hemisphere. 

In the regions of humid intermediate 
climates atmospheric circulation is com- 
plex. Cold air masses from the north meet 
warm air masses from the south in cold or 
warm fronts. This meeting of air mas.ses, 
combined with the effects of the earth’s ro- 
tation, results in the fonnation of large or 
small areas of low pressure — cyclones that 
move in a general west-east direction, inter- 
spersed with areas of high pressure — anti- 
cyclones — which have a similar, though 
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often less rapid movement. The low-pres- 
sure areas move with an average velocity of 
from 30 to 35 miles per hour in winter and 
from 20 to 25 miles per hour in summer. 

Fronts and cyclones are most pronounced 
and move farthest south in winter, invading 
the subtropical regions during this period. 
In North America, polar continental air 
masses— which are cold and relatively dry 
— develop in the north, and^ from tluTe 
move southward, especially in winter. 
Polar maritime air, which is moist and cool, 
and in winter even rather warm in compari- 
son with polar continental air, is formed 
over the area of the Aleutian Low. This 
type of air greatly affects the northwest 
coast of North America, but it is modified 
considerably when it moves over the Rocky 
Mountains and becomes not only drier but 
also warmer. 

Tropical maritime air masses are formed 
particularly in the subtropical latitudes over 
the oceans. These air masses are warm 
and moist, and reach North America mostly 
from the Gulf of Mexico and the Atlantic 
Ocean. Similar air masses from the Pacific 
affect the American climate only to a rela- 
tively small extent. Tropical continental 
air masses are also of relatively small impor- 
tance, as the only source for such air masses 
is northern Mexico, which is an insuflB- 
ciently extensive land mass. Very warm 



THE HUMID TYPES 


199 


and dry air of this type is formed in summer 
only, and is important in accounting for 
summer drought in southwestern United 
States. Thus, mucli of North America 
where the major portion of the people live 
is afiFected primarily by polar continental 
air masses and tropical maritime air masses. 
On the whole, continental air masses domi- 
nate the climate and thus, even immediately 
along the east coast, the American climate 
is continental rather than marine. 

In Europe the opposite is true: as west 
winds predominate, the major invading air 
masses come from the ocean and consist of 
either polar maritime air or tropical mari- 
time air. Tlic former type brings moderate 
winter conditions to Europe, while the 
latter, having to go much farther than the 
tropical maritime air that reaches eastern 
United States, is not v(‘ry warm, either in 
summer or winter. Polar continental air 
forms in the northeast, especially in winter, 
over the vast snow-co\’crcd land masses of 
eastern Russia and nortliern Asia. Thus 
cold weather in Europe* comes from the* 
iiortheavSt rather than from the northwest 
as in the United States. Tropical con- 
tinental air does not play much of a role in 
the area of intermediate climates of Europe. 

There arc two major groups of climatic 
types within this belt: the humid and tlie 
dry. The humid climates have rainfall 
sufficient to promote a native flora of forest 
or tall grass; the dry climates have an 
annual rainfall commonly less than 20 
inches and the nati\'e vegetation is of the 
steppe type, cx)nsisting of either short grass 
or scattered bush. In this chapter only the 
humid intermediate climates are c'onsid- 
ered. The humid intermediate climates are 
most typically developed in North America 
and Eurasia. In the Southern Hemisphere 
the middle latitudes are chiefly oceanic; the 
land masses are mostly tropical or polar. 
The occurrence of winter snowfall and the 
absence of a dry season are characteristic of 
all subdivisions of this climatic type, but the 
intensity and duration of winter cold and 
snow differ greatly. Principal contrast is 
between the continental interiors and the 
west coastal areas. The interiors of North 


America and Eurasia experience long, 
snowy, intensely cold winters, increasing 
in severity poleward, though summers are 
warm and sunny. Owing to the eastward 
drift of the atmos])here in these latitudes, 
the continental climate extends to the east 
coasts in a form slightly modified by the 
proximity of the ocean. The west coast, 
on the other hand, is dominated by the 
marine air masses moving in from the 
ocean, with comparatively little differen(*e 
between wint(»r and summer, and meager 
snowfall except in the mountains. Thus, 
the humid intermediate climates can con- 
veniently be discussed under four subdivi- 
sions: (1) the humid continental clhnafe of 
central and eastern Europe, northern China 
and Ja])an, central and eastern United 
States (see World Map of Climatic Regions, 
No. 8); (2) the cast coast continental which 
is typical for part of the east coast of the 
United States and for part of Japan (see 
World Map of Climatic Regions, No. 9, and 
Ulus. p. 2()0); (3) the marine clmatc of 
west coasts dev(*loped in western North 
America from Oregon to Alaska, which ex- 
tends over cDnsidiTable areas of western 
Eiirojie (.see World Map of Climatic Re- 
gions, No. 10, and Ulus. p. 200); and (4) 
the subpolar climate which dominates much 
of Canada, Sweden, Finland, and northern 
Rus.sia (World Map, No. 11). 

All these types ha\’e rainfall sufficient to 
develop nalixe vegetation of forest or tall 
grass and to support crop farming, where 
other conditions permit. The seasons are 
l)ased on changes in temperature rather 
than on seasonal changes in the amount of 
rainfall. All have climatic cwiditions that 
appear to stimulate mental and physical 
activity. 

The Humid Continental Climate 

The humid continental type of climate is 
limited to North America and Eurasia. In 
the United States, this type of climate 
reaches from the subtropical South to 
southern Canada. In Europe, it predomi- 
nates in southeastern Europe and Russia 
west of the Urals. In the Far East it is en- 
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countered in northern China, Korea, and The growing season varies in length from 
Manchuria. about 100 to 240 days. Light frosts may 

occur during the early and late weeks of 
Temperature. The average temperature this period, but ordinarily they are not in- 
of the coldest month is below 42°F.. but jurious to the major crops. In the south- 
not more than four months have averages eni sections the winters are mild, but along 
that drop below freezing. The average the northern borders subzero weather is 



Climatic Types in North America 

Legend: 

1. Tropical Rainy Type 9 East Coast Continental Type 

4. Tropical Steppe Type 10. West Coast Marine Type 

( includes .subtropical type ) 11. Subpolar Type 

5. Warm Desert Type 12. Middle Latitude Steppe Type 

6. Mediterranean Type 13. Middle Latitude De.sert Type 

7. Humid Subtropical Type 14. Tundra Type 

8. Humid Continental Type 15. Icc-cap Type 

16. Mountain Climate Type 


temperature of the wannest month is at 
least 36° F. higher than that of the coldest 
month; often the difiference is even greater 
(Illiis. pages 201 and 202). This large 
annual range generally does not cause seri- 
ous discomfort, but on the contrary, is 
stimulating to mental and to physic‘al ac- 
tivity. 


likely to occTir during the coldest months. 
Toward the north the long, cold winters 
preclude the production of slow-maturing 
crops and the growing of fall sown grains. 
Throughout most areas periods of cool to 
moderately cold weather arc likely to be 
interrupted by severely cold spells each 
winter. The areas most remote from the 
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sea are characterized by periods of severe 
cold in winter and intense, sometimes dev- 
astating, heat in summer. 

Winds and storms. In North America 
and Europe these areas are dominated by 
the cyclonic storm conditions of the pre- 
vailing westerlies. 

The cyclonic storms are strongest in win- 
ter and their paths then lie farthest south. 
As a result, fluctuations of temperature are 
much greater in this season than during the 



Short, cold winter climate. Average temperature 
and prccijiitation, Budapest, Hungary, Altitude 
411 feet, total precipitation 26 in Acs. 


summer months. Occasional cold waves 
sweep down across the American Middle 
West with such stormy violence that locally 
they are referred to as blizzards. On such 
occasions mild, balmy weather may give 
way suddenly to zero temperatures, a blind- 
ing snowfall, and piercing winds. During 
pioneer times people were often caught en- 
tirely unprepared, and personal suffering 
and serious losses of livestock resulted from 
these storms. With the development of 
weather warnings broadcast by radio, some 
of the danger can be avoided. Farmers 


and ranchers, thus forewarned, are usually 
able to provide feed and shelter for the 
stock while the storm rages. However, 
upon occasions, such as the winter of 1948- 
1949, blizzards of such intensity and dura- 
tion occur as to still cause severe losses. 

During the winter eastern Europe is 
under the direct influence of a large area 
of high pressure over the interior of Asia, 
which forces the lows coming in from the 
Atlantic Ocean to take a northeasterly 
course. These moving lows bring sharp 
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Short, cold winter climate. Average tempera- 
ture and precipitation, Kansas City, Missouri. Al- 
titude 963 feet, precipitation 37 indies. 

changes of temperature to the Russian 
plains, often veritable cold waves and bliz- 
zards, there called burans. Occasionally 
the Asiatic high pressure becomes so pro- 
nounced that it extcTids far westward into 
European Russia, or even farther west. At 
such times prolonged periods of dry, clear, 
and cold weather may occur. In easteni 
Asia the monsoons dominate the weather, 
while cyclonic wind movements play a 
minor role. The high-pressure area of 
eastern Siberia causes strong out-blowing 
winds in winter, while in summer the pro- 
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noiinced low-pressure area gives rise to 
persistent in-blowing winds. 

In summer the most feared weather 
phenomena, especially in the American 
plains west of the Mississippi, are the hot 
winds. Occasionally low-pressure areas 
centering in the upper Mississippi Valley 
move so slowly that they appear to be 
almost stagnant. Then southerly winds 
continue for days over tlie plains from 
Texas to the Dakotas, bringing with them 
soaring temperatures. When the land is 


violently whirling air masses occasionally 
develop. These whirls, known as torna- 
does, are among the most destructive 
storms known. Some tornadoes reach such 
wind velocities that only the sturdiest 
structures are able to withstand their at- 
tacks. Fortunately, the path of maximum 
destructiveness is seldom more than half a 
mile wide. 

Precipitation. The average annual rain- 
fall varies from about 20 inches in the drier 



dry, temperatures often exceed 10()®F., 
occasionally surpassing 110°F., with blast- 
ing effects upon growing crops and seri- 
ous damage to trees and grass. The 
summers of 1934 and 1936 were ex- 
amples of the extremely serious effects of 
such winds when attended by continuous 
drought. In those years the coni crop of 
the United States fell to about half the 
normal. 

During spring and early summer, when 
air conditions are unstable owing to the 
change from cold to warm season, small 



areas to 50 inches in the more rainy sec- 
tions. In general, the amount of rainfall 
varies inversely with distance from the sea. 
Summer maxima of rainfall are prevalent 
nearly everywhere, but decidedly dry win- 
ters are typical only of northern China and 
of the American interior west of the Missis- 
sippi. The well-developed summer maxima 
are very important in accounting for the 
successful crop agriculture of interior areas 
where the annual rainfall is only 20 to 35 
inches; 65 to 75 per cent of it falls during 
the growing season. Toward the seaboard 
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the annual precipitation is greater and the 
seasonal distrihiition is more uniform. In 
the north the efficiency of rainfall is higher 
because of the lower summer temperatures 
and the briefness of the warm season. 

In the comparatively dry areas where this 
typ(‘ of chmatt' adjoins th(‘ areas with inter- 
mediate steppe climate, such as in the 
American Plains and in Russia, variability 
of rainfall is great and particularly impor- 
tant because the (‘fleets of siK‘h variability 
ar(‘ much more pronounced than in areas 
where the total precipitation is higher. 
Somc'tinies several years in succession may 
ha\'e rainfall so far above normal that 
streams overflow, wet weather ponds b(‘- 
come all-vear lakes, and lowlands are 
flooded for such long pc’riods that crops 
are damaged or e\'en mined. Then many 
people', convinced that a great change in 
climate has occurred, start agitating foi 
drainage projects Und(‘r the impulse of 
siu‘li misguided notions many inil(\s of un- 
needed drainage ditches have been con- 
structed at great ('xj-iense. Lat(‘r on, when 
dry y(‘ars come, as th(’y inevitably do, 
either singly or sevcTal in snecc'ssion, crop 
failures and pessimism go hand in hanci. 
Many then believe that a permanent 
drought has set m and that the country is 
de.stined to become a desert waste. In- 
stead of drainage, tlu’ construction of dams 
to impound water for irrigation pui poses 
bec'onies the popular crv. In (‘ach situa- 
tion, whether flood or drought, the popular 
mind is likely to be stirred by the immedi- 
ate outlook rather than quieted by the facts 
of long-term records. Weather Bureau 
reairds and other evidence show that dry 
or wet years, or series of years, have t'ome 
and gone in the past and doubtless will con- 
tinue to C'ome and go. Economic activi- 
ties, agricultural and industrial, should be 
organized and operated in recognition of 
the fluctuating rainfall. 

Native vegetation. The original vege- 
tation of the areas with this type of climate 
<X)nsists principally of deciduous forest in 
the more humid sections and tail-grass 
prairie in the areas of lower rainfall. In 


China and Europe the land has been under 
cultivation so long that, except in the 
rougher mountain areas, little of the native 
vegetation remains. In the United States, 
the prairie was originally the conspicuous 
feature of the landscape from Indiana to 
central Nebraska and from Minnesota to 
the Ozarks of Missouri. Forest prevailed 
in the northeastern United States, prin- 
cipally of the mixed hardwoods type, with 
oak, hickory, chestnut, and ash predomi- 
nating, with pine stand on some of the more 
sandy lands (Illus. b()low). Although the 
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Deciduous forest of mixed hardwoods, northeri 
Wisconsin. 

best agricultural lands, especially the 
prairie lands, have generally been put intc 
cultivation, there still are tracts where the 
native vegetation covers the landscape. 

Soils. The predominant soils are the 
gray-brown podzolic soils and the prairie 
soils. Leaching has not been quite so pro- 
nounced as in the soils of the humid sub- 
tropics, partly because of lower annual 
rainfall and partly because during the win- 
ter season the ground is frozen for some 
time, thus making the water in the soil in- 
active. The lower annual temperatures, 
and particularly the seasonal cold, account 
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for less effective oxidation than in warmer 
climates, and therefore the soils are brown 
rather than red. 

In the United States, this climatic region 
includes vast areas of plains where the soils 
have been developed from rocks of high 
lime content and where their stmeture still 
shows the beneficial influence of the former 
presence of lime even though leaching has 
removed most or all of the calcareous ele- 
ments from the upper horizon. Such are 
the mature upland soils from central Ohio 
to central Iowa. These “calcific” types are 
characterized by a stable structure that 



The tall i^rass prairie of eastern Nebraska, in the 
region of dark prairie soil. Native flora now oc- 
curs in strips not farmed along roads. 


enables them to remain in good physical 
condition under cultivation. 

In the areas where tall grass rather than 
forest prevail, deep, dark, friable soils 
occur. These are known as prairie soils, 
because they have developed under grass 
cover; their A horizons arc deep, dark 
brown color, owing mainly to the high con- 
tent of organic matter. Although the 
prairie soils are classified as pedalfers, be- 
cause they are nonlime accumulating, they 
are but slightly leached and so arc produc- 
tive with little use of fertilizers. These 
soils are dominant from Illinois to eastern 
Nebraska and eastern Kansas and they in- 


clude some of the best farmlands in the 
United States (Ulus. left). 

In the eastern and southern portions of 
this climatic region in the United States, 
where winters are generally mild and the 
rainfall is fairly heavy (40 inches or more), 
the soils are more thoroughly leached and 
the color is brown or gray-brown. The 
structure is quite stable; in fact the strong 
physical constitution of the soils is their 
greatest asset. Fertilizers are efl(‘ctive and 
hence need not be used in such large quan- 
tities as where weaker, l(‘ss responsive' soils 
are found. Still farther south in this cli- 
matic region, for example, in southern Mis- 
souri, Tennessee, and Virginia, we find the 
red and yellow soils of the South becoming 
dominant. 

In the northern s(‘ction of the region in 
North America, extending from nortliern 
M innesota through northern Wisconsin, 
northern Michigan, and the adjacent por- 
tion of Canada to the Adirondacks, leached 
gray soils, known as podzols, are predomi- 
nant. These soils also oeeu])y much of the 
northern parts of this climatic area in 
Russia. The name is an old Russian folk 
term which has long been applied to these 
gray soils; it is derived from the/words pod, 
or soil, and sola, meaning ash. The podzols 
are acid soils, deficic'iit in minerals and 
well-decayed organic matter. The surface 
layer of the true podzols consists of raw, in- 
sufficiently decayed humus material, de- 
rived from needles of cmifers, mosses, 
twigs, and leaves, and may reach a thick- 
ness of a foot or more. This layer really 
lies on the surface. The upper soil, the real 
A horizon which lies underneath this, is 
gray to white in color and highly leached of 
plant nutrients and sesquioxides, iron and 
aluminum compounds. The structure is 
simple, either platy or granular. The B 
horizon, or subsoil, is dark brown in C'olor 
and compact, owing to precipitation of or- 
ganic matter and the iron and aluminum 
compounds leached from the upper soil. 
This type of extremely leached soil for- 
tunately is limited to the northernmost 
parts of the area under discussion. Farther 


205 


THE HUMID TYPES 


south the brown soils mentioned previously 
in this chapter are not as badly leached, aiicl 
the humus they contain is well decayed: 
they are podzolic soils, but not true podzols. 

With only lime added, the more highly 
podzolized soils, if virgin, often yield fairly 
well for two or three years because ot the 
plant nutrients found in the capping humus 
layer. This, however, is soon exhausted, 
and then heavy applications of mineral 
fertilizers are necessary to maintain produo 
tivity. 

On the whole, the regions of humid con- 
tinental climates are favored with soils of 
high agricultural potentialities. Although 
the soils are mostly pcdalfcrs, neither leach- 
ing nor oxidation has been excessive, soil 
structures are quite stable, and the organic 
content is comparatively high. On most of 
the mature soils, particularly on the various 
pcs of gray-brown podzolic soils and on 
e podzols, manure and niincTiil fertilizers 
are needed. In the United States the 
quantities used west of the Appalachians 
as yet arc not great (Ulus. p. 319), but 
they are increasing st(‘adily. Since the 
soils of this area are responsive to fertiliz- 
ers, moderate amounts will suffice to main- 
tain fertility. In fact, in this country many 
of these soils, though theoretically out- 
ranked in fertility by the pedocalic soils 
farther west, actually are of considerably 
higher productiyity because of a more fa- 
vorable rainfall regime*. 

General aspects of land utilization. 
Wide diversity of crops is characteristic of 
regions with this type of climate. In Eur- 
asia com is of major importance only in 
some of the Danubian countries, whereas 
in the United States it is a major crop. In 
China, wheat, millet, and beans are the prin- 
cipal subsistence crops of a great popula- 
tion. There, with the use of simple, almost 
primitive, equipment, agriculture is carried 
on by hand-labor methods. Production per 
capita is low, but all available land is fully 
used in order to support the masses of 

a le dependent directly upon it, and the 
production is large. Pressure of popu- 


lation upon the land is so great that no sur- 
plus can be produced. As a result, the 
peasants have few or no reserves and fam- 
ine is frequent. 

In Europe, wheat, rye, corn, root crops, 
and hay constitute the basis of a successful 
agriculture carried on largely by modem 
methods, but with machines of small size 
and simple design, compared with the 
larger and more complex equipment used 
on the more extensive farms of the New 
World. 

In the United States, corn is king in a 
large part of this region (climatic type 8-a). 
From an American point of vi('w, the short, 
c*old winter — ^long, hot summer type may 
well be called the Corn Belt climate, be- 
cause the area extending from Ohio to 
eastern Nebraska and from southern Minne- 
sota to tlie Missouri Ozarks is by all odds the 
greatest corn producing region in the world. 
llow(*ver, it is not a one-crop region. The 
fanners raise not only com but also large 
quantities of oats, wheat, root crops, and 
forage, particularly legumes and they are 
large producers of li\’(*stock as well. South 
of the Com Belt proper lies a zone of transi- 
tion from the humid intermediate to the 
humid subtropical climate, which is also a 
transition zone from corn to cotton. There 
soft winter wheat is so important that it 
runs corn a close race for first place. Within 
this transition zone are located the* famous 
tobacco-producing arenas of Virginia, North 
Carolina, and Ke*ntucky, the greatest to- 
bacco-growing districts of the United States. 
North of the Corn Belt proper ( climatic type 
8-b) the transition to the long winter type is 
marked by a gradual increase in the impor- 
tance of oats, soft spring wheat, root crops, 
fodder crops, and dairying. 

In the northern portions of this climatic 
area crop production of cereals is limited 
almost entirely to those which can mature in 
a short season. Flax, barley, and spring 
wheat are the typical grain crops. Flax, 
grown only for seed in North America, is 
produced also for fiber in Russia. Sufficient 
moisture during the earliest period of 
growth, large accumulated temperatures 
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during the long days of the short growing 
season, and warm, dry weather during the 
harvest season are factors favorable for the 
pro<luction of wheat and barley of cxc'ellent 
quality. Rye is the fall-sown grain. Corn 
is grown chiefly for silage or fodder because 
of the danger that it will not rc'ach maturity. 
Some legumes, especially clover, and tame 
grasses are important fodder crops. Root 
crops do especially well in this climate. In 
regions where little or no corn is raised, po- 
tatoes not only are a staple food for people 
but also are us('d extensively as fc'cd for 
livestock. Some districts are important for 
sugar beets. The yield per acre is gener- 
ally less than where the summers are long, 
but this is offset by the higher sugar con- 
tc'nt which results from the long periods of 
daily sunlight in summer. 

The East Coast Continental 
Climate 

Along the east coasts of North Amc'rica 
and Asia between 35° and 50 °N. latitude, 
the humid continental climate is somewhat 
modified by proximity to the ocean. It is 
well developed in North America from New 
Jersey to Newfoundland and along the 
Asiatic Coast from central Honshu north- 
ward (World Map of Climatic Regions and 

p. 201). 

Temperature. Average t<‘mperatures are 
about the same as those in the cx)rrespond- 
iiig latitudes of the' continental interiors, but 
seasonal extremes are more moderate. For 
example, Eastport, Maine', has an average 
January temperature of 21°F. and an aver- 
age July temperature of 60°F. St. Paul, 
Minnesota, in about the same latitude, 
has an average 9 ’ lower in January, while 
its July average is 12° higher than that of 
Eastport. Spring arrives later in east coast 
climatic regions than in the interior, the last, 
killing frost usually occurring two or three 
weeks latcT. Autumn is also n'tarded, but 
usually not .so much as the spring. 

The sea.sonal range is considerably greater 
than in the west coast marine areas. Tlie 
annual average temperature at Portland, 
Maine (46°F.) is only 6°F. lower than that 


at Portland, Oregon, in approximately the 
same latitude, but the January average is 
17°F. lower, and the July average is I°F. 
higher. ’ Thus, on the windward coasts the 
.summers are almost as warm but the win- 
ters are not nearly so cold as those on lee- 
ward coasts in higher middle latitudes. 

Winds. Wlien winds are from the east 
they bring to N(*w England and maritime 
Canada quantities of damp air from the 
ocean which gi\'(' rise to periods of pierc- 
ingly chilly weather in winter. In summer 
the winds from th(* ocean arc' cool and pleas- 
ant along the .shore, but, becan.se of their 
high moi.sture content, thc'v tend to be- 
come opprc'ssiN’e and en('r\ating farthcT in- 
land where land tcmjx'rature.s arc' liighc*r. 
New York and Wasliington, D. C., have a 
numbc'r of notoriously uncomfortable, hot, 
humid days ex c'iy summer. 

Rain jail and humidity. Tlie pn'cipita- 
tion, which generally amounts to 40 to 80 
inchc'S annually, is distribntc'cl cjuite c'xcnly 
throughout the yc'ar. The* amount of pre- 
cipitation is particularly utHiceable in the 
winter snows; in New England the snowfall 
inav c'xcc'ed 80 inchc's m a single «eason, 
with much of it rc'inaming on IIk* ground for 
three or lour months, Northwc*.stern Japan, 
too, has hea\y wiiitcT .snows. In Japan, 
howc'ver, there' are sharp c*oiitrasts between 
the c'ast and west coasts. The w('.st coast 
of Hon.shu receives its inaxinuim precipita- 
tion in early winter as a re.sult of the winter 
monsoon from over the Sea of Japan, while 
the east coast has heaviest precipitation 
during the' summer monsoon with Septem- 
l)er the rainiest month. 

Vegetation. The native vegetation char- 
acteristic of this type' of climate resembles 
that of the adjacent, more continental cli- 
mates. In America, deciduous fore.sts — 
wmsisting either of an oak and poplar as.so- 
ciation, or, farther north, of an association 
of birch, beech, and majfle — are prevalent 
on the lower and better lands (Ulus. p. 
207). Pines are concentrated on the 
sandier soils, while at higher elevation 
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spruce and fir appear. Where forests have 
not b(‘en cU^ared, logging and luml)enng 
ai(' important. Another activity of eco- 
nomic importance in New England and 
New Brunswick is the gathering of maple 
sap and the manufacture of maple sugar 
and syrup. 

In noitluTU Japan, deciduous forests pre- 
vail — beech, maple, and oak bcang the prin- 


the most common mature soils, while in the 
New England uplands and adjacent parts of 
C.anada, podzols predominate. Alluvial 
soils piovide the basis for the limited but 
successful agriculture practiced in the latter 
regions. In Japan, gray-brown soils pre- 
vail in the south and podzols in northern- 
most Honshu and Hokkaido. 


Land titilization. The use of the land 



is influenced to a great extent by the rela- 
tively low temperatures which prevail in 
many areas. C'oolness and cloudinc\ss are 
handiea])s to the complete maturing of cei- 
tain crops, in the northern sections espe-^ 
cially. In general, the summers are too cool 


(B ) Tlie Coolidge farmstead. Plymouth, 
Vermont Mixed farming in valley, higher 
slope's fori’St-eovered. 


(A.) Mixed hardwood forest of southern New 
Hampsinre. 

cipal trees. The many diffcTcnt kinds of 
maple are especially responsible for the 
beautiful autumn landscape for which Japan 
is justly famous. In the mountains, conif- 
erous forests are dominant. 


for corn to mature, althougli some of the 
finest green corn for human u.sc* (sugar corn 
from Maine) is grown in this climate. Corn 
is produced also for fodder and ensilage. 
In the northern part of this climatic region 
wheat will not ripen satisfactorily, but oats 
and rye, both of which are well adapted to 
cool and humid environments, are produced 
successfully. Potatoes, vegetables, and 
fruits are important in subsistence agricul- 
ture, and where markets are available they 
constitute major cash crops. Aroostook 
County, Maine, for example, is famous for 
its potato production. Cranberries are 


grown in such abundance that Massachu- 


Soils» In the lower and warmer sections, setts and New Jersey furnish the entire 
from the coastal area of Maine to Maryland, nation with most of its supplies of that fruit, 
brown and gray-brown podzolic soils are The ample precipitation, including winter 


208 


INTERMEDIATE CLIMATIC REGIONS 


snows, and the lack of extreme summer heat 
and winter cold, favor the successful apple 
orcharding of New England and Nova 
Scotia. Most farms have woodlands on 
their poorer portions (Ulus. B, p. 207). 

The east coast humid continental climate 
has sufficient changes of temperature to be 
bracing and invigorating. It has fewer ex- 
tremes of .summ(T and winter than have the 
continental interiors, but there is enough 
change to avoid tiresome monotony of 
weather. 

The West Coast Marine 
Type of Climate 

Two areas in the Northern Hemisphere 
have a well-developed marine climate: the 
we.st coast of North America, from San 
Francisco to Alaska, and northwestern Eu- 
rope, from Portugal to Norway ( see World 
Map of Climatic Regions and Ulus, at 
right). In the Southern Hemisphere this 
type of climate occurs in Chile, from Puerto 
Montt to Cape Horn, and in New Zealand. 
Of course, conditions vary a)nsiderably 
through such a wide range of latitude, but 
moderate temperatures and abundant rain- 
iall with winter maximum pre^'ail through- 
out. Where lolty mountains occur near the 
coast — as in North America, Chile, and 
Norway — the marine conditions are strik- 
ingly developed in the narrow regions along 
the coast and on the lower mountain slopes. 
In Europe, south of Norway, the lack of a 
high mountain barrier permits the oceanic 
influence to be carried far inland, but with 
diminishing intensity. Naturally the rain- 
fall is heavier, and sea.sonal temperature 
extremes are less on the windward slopes 
than on the leeward slopes of low mountain 
ranges, such as the Pennines of England. 

Temperature, The significant feature 
of this climate is the small range of tempera- 
ture during the year, owing to the tempering 
influence of the' westerly winds blowing 
from over the oceans. The difference be- 
tween the average temperatures of the 
warmest and coldest months ranges from 18 


to 36 degrees Fahrenheit (Ulus, below). 
Winter and summer are, of course, warmer 
in the lower latitudes than farther poleward 
at places equally near the coast. At Lisbon, 
for example, the average temperature of the 
warmest month is 70°F., of the coldest, 
49 °F.; at Copenhagen, 62° and 31°; at Ber- 
gen, 58° and 34°. Mild winter tempera- 
tures extend surprisingly far poleward in 
this climate. Even far beyond the Arctic 
Circle in Norway the winters are so mild 



Marine west coast climate. Average tempera- 
ture and precipitation, Liverpool, England. Alti- 
tude 99 feet, total precipitation 28 inches. 

that the coastal waters remain unfrozen 
tliroughout the long winter months. 

Winds, The weather is dominated en- 
tirely by the numerous masses of maritime 
air that move in from the sea, accompanied 
by low-pressure areas. The passing of 
these lows causes constant shifts of wind 
direction and wind strength, resulting in 
highly variable weather. Nevertheless, 
winds from westerly directions are by far 
the most frequent — from the southwest dur- 
ing the winter months, and from the west 
and northwest during the summer. The 
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stormiest conditions prevail along the west 
coasts of Scotland, Norway, and southeni 
Chile; the last named faces the highly de- 
veloped westerlies of the Southern Hemi- 
sphere known as the “roaring forties.” 

The southwest and west winds bear the 
tempering influence of the sea across France 
and Germany into Poland and even Russia, 
though with increasing distance their effects 
become less pronounced. 

Rainfall. Rainfall varies with local con- 
ditions and with latitude. Where there 
are high mountains back of the coast — ^as 
in British Columbia, Washington, Norway, 
and Chile — ^heavy rains or snows fall on 
their westeni slopes. Although at higher 
latitudes, as in Alaska and northern Norway, 
the total annual precipitation is lower, more 
accumulates as snow, thus giving rise to a 
snow-covered landscape that persists lor 
many months of the year and even creates 
som(j glaciers. 

The rain does not fall in sudden heavy 
showers, but rainy weather may last for 
days, sometimes even for weeks. The rain- 
fall is quite evenly distributed over the 
year with a slight maximum during the au- 
tumn and winter months, with .spring and 
early summer the seasons of least rain. 
Cloudiness and fogs are common. In 
northern Scotland, lor example, the period 
of unclouded sunlight averages less than 
an hour a day in winter. All of northwest 
Europe has much cloudy and rainy weather, 
especially in the fall and early winter. 
Sometimes the sun may not be seen for 
weeks, and umbrellas, raincoats, and over- 
shoes are always needed. These typically 
marine c*onditions ot prevalent cloudiness 
and autumn rainfall maximum change 
with distance from the ocean. Eastern 
France, Germany, and southern Sweden 
have a slight maximum in summer and 
clearer skies than the British Isles or Brit- 
tany. 

The high humidity causes the winter cold 
to be sharp and piercing, even when the 
thermometer may stand well above the 
freezing point. In summer it often causes 


extremely muggy weather; then tempera- 
tures of may cause quite as much dis- 
comfort as those of 100° in the Great Plains 
of the United States. 

Native vegetation. The mild west 
coast climatic regions have or have had 
heavy forest covers. Dense stands of tim- 
ber, mostly firs, characterize the western 
mountain slopes from California to Alaska, 
one of the most heavily wooded regions in 
the middle latitudes and at present one ot 
the world’s principal centers of lumbering 
(Ulus. A and B, p. 210). The southern Chil- 
ean coast, where not too rocky or too boggy, 
likewise has heavy stands of timber, as yet 
little exploited. With the exception of 
parts of the British Isles, where the strong 
west winds hamper tree growth and the 
high precipitation favors the development 
of moors, most of northwest Europe once 
was heavily forested with deciduous hard- 
woods and conifers. However, the lands 
suitable for agriculture were cleared long 
ago and put into grass or tillage. In Eng- 
land but little forest remains, and on the 
continent forests are limited mostly to the 
mountains and to very sandy areas. None 
of them are original stands. Southern Nor- 
way has extensive stands of spruce and fir, 
but the northern part has few trees, because 
of long seasons with land temperatures 
below freezing. 

Soils. In the mountainous areas along 
the coasts of North America, Chile, and 
Norway, agricultural soils are limited to 
the valley lands. Only a small percentage 
of the total area is arable. These lands, 
which are wholly alluvial, vary much in 
different localities, but the gray-brown pod- 
zolic types seem to be most common. The 
soils are young, and where drainage is 
adequate and texture favorable to cultiva- 
tion they are usually quite fertile. 

Northwest Europe is the only region of 
marine climate where a large percentage of 
the land is used for tillage agriculture. The 
mature soils are predominantly gray-brown 
podzolic soils, with well-developed podzols 
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on some of the sandier lands. The struc- 
tun*s of the former are fairly stable, and 
crop yields are readily increased by the ap- 
plication of mineral fertilizers. Among the 
best soils are those developed upon the al- 
luvial deposits of the valleys and upon the 
recently emerged marine deposits along the 
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coasts, as in the Netherlands and parts of 
southern Sweden. Glacial deposits mantle 
much of the land which borders the North 
Sea, with soils varying in productiveness 
from the nearly .sterile sands of parts of 
northern Germany to the fertile loams of 
eastern England and the Danish islands 
Farther south, nonglacial soils occur, vary- 
ing in quality from medium to good. C)n 
the whole, howe\’er, the soils of northwest 
Europe are favoiablc to agiicultural de- 
velopment, although heavy ajiplication of 
fertilizer is n(‘ces.sary (Ulus. ]). 318). 

Land utilization. In Ncntli America 
and Chik', the forest is the principal asset 
of llie regions which liave tlie w(‘st coast 
marine type of climate. The \ alley lands 
of the Pacific Northwe.st are important cen- 
I ters lor grazing, daiiying, and truck farm- 
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(A.) Farm forest of Doiigla.s fii in Oregon. 


(B. ) stand of While Pine, Douglas Fii 

and Engelinaiiii Spruce, Ca.seade Range of south 
ern Washington. 
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ing. The principal agricultural region here 
is the Puget Sound-Willamette lowland. 
Vancouver, Seattle, Tacoma, Portland, and 
smaller cities mark urban districts which 
give rise to profitable markets, especially 
for bulky or perishable products that can- 
not be shipped long distances. 

In Europe, the region with a marine west 
coast climate shows considerable climatic 
diversity. In the south, all seasons are com- 
paratively warm and mild; in the north, all 
seasons are cool, so cool that only the hardi- 
est crops survive. In Scandinavia the 
change Irom marine to continental condi- 



Hayiiig scene near Narvik, Norway On ac- 
count of Ingh humidity, newly mown grass must 
be liung over trellises in ord(*r to be cured into bay. 

tions is abrupt; in the lowlands of Germany 
it is gradual. The west coasts of Ireland 
and Great Britain arc cloudy and rain 
drenched, the east coasts have more sun- 
shine and a moderate rainfall. Under these 
conditions it is little wonder that agricul- 
tural diversity is pronounced. In south- 
western France vineyards abound, while in 
Norway only hay and hardy crops such as 
rye and barley can be grown (Ulus, 
above). Because of high rainfall, oats is the 
principal grain in the western and northern 
parts of the British Isles, while wheat leads 
in eastern England and in France. Pota- 
toes constitute an important phase of crop 


agriculture in many parts of this region, 
especially in the Netherlands and Germany, 
the latter usually ranking foremost among 
all countries in amounts raised. Poland, 
also, although not wholly within this type of 
climate, is a great potato-producing country. 
The abundance of natural grasses and root 
crops, and the large markets furnished by 
the industrial centers within this region, 
favor the development of the dairy industry. 
The renown of the Netherlands and Den- 
mark as dairy countries rests upon the se- 
em e basis of a favorable natural environ- 
ment, skillful operation by intelligent and 
industrious fanners, and proximity of mar- 
kets which insure profitable outlets for the 
products. 

Viewed as a whole, regions with the west 
coast marine type of climate are lands of 
forest wealth, agricultural diversity, and in- 
dustrial achievement. Climatic conditions 
are .sufficiently varied to be stimulating, but 
not so extreme as to be enervating. 

The Subpolar Type of Climate 

Poleward from the other iritermediate cli- 
mates lies a belt of transition that practi- 
cally coincides with the great belt of north- 
ern coniferous foix'sts which girdles the 
Northern llemi.sphe*rc. Tlie subpolar type 
of climate dominates northern Sweden and 
Finland, northern Russia, most of Siberia, 
central Alaska, and much of (Canada. 
Within this belt a winter landscape of .som- 
ber dark gn'en and cold, dreary white is 
predominant for nearly nine months of the 
year. During a brief summer period of 
nearly continuous daylight, nature bursts 
into life with grasses and multicolored flow- 
ers which carpet the ground wherever the 
forest is not too dense to exclude them. 
Trees put forth new leaves. Insects and 
birds appear in swarming numbers, en- 
livening the short .summer season by their 
hum and song and busy activities. 

Temperature. While climatic condi- 
tions vary con.siderably within the subpolar 
regions, the long, intensely cold winter is 
common to all. Average temperatures of 
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50® F. or above are reached less than four 
months each year, and even in the warmest 
season light frost may occur at night, al- 
though day temperatures may be favorable 
for plant growth. The native vegetation, 
therefore, consists of plants that are c'old- 
tolerant and able to utilize a short and 
rather unsafe growing period. Crops must 
be hardy and ripen quickly; in the far north, 
barley is the only grain crop that gives 
satisfactory yields. The soil and subsoil 
are free of frost during the midsummer pe- 
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( A. ) Subpolar climate. Annual temperature and 
precipitation, Fort Hope, northern Ontario, Can- 
ada. Altitude 1100 feet, total precipitation 16 
inches. 

riod, a factor of great importance to the 
development of the forests that prevail over 
most of the subpolar climatic regions. The 
high annual range of temperature is an- 
other marked characteristic (Ulus, above); 
the hottest summer days may exceed 90®F., 
whereas in the dead of winter the temper- 
ature may drop to — 60°F., or even lower. 

Winds and storms. The regions of sub- 
polar climate lie along the northern margin 
of the belt of prevailing westerlies. Cy- 
clonic storms reach these regions in sum- 


mer, particularly c'entral Canada, northern 
Russia, and western Siberia. In winter, 
masses of c^old continental air often origi- 
nate here and spread outward. At all sea- 
sons weather is subject to sharp, sudden 
changes. While in most places travel is 
easiest in winter, because the bogs and 
rivers are then frozen and the land is snow- 
covered, severe gales and accompanying 
low temperatures often bring hazards. 

Contineiitality of climatic conditions 
reaches its climax in Siberia, east of the 
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( B. ) Subpolar climate. Annual temperature and 
precipitation, Beresov, Siberia. Altitude 100 feet, 
total precipitation 18 inches. 

Yenisei River. Pressure is abnormally 
high there during the winter, atmospheric 
disturbances are infrequent, and the air is 
calm; as a result, temperatures often fall 
below the freezing point of mercury, 
— 39®F., but the dryness of the air and the 
absence of strong winds contribute toward 
making such temperatures bearable. A 
distinct disadvantage, however, is the light- 
ness of the snow cover, or its absent'e. 
Summer temperatures, on the other hand, 
may be surprisingly high. At Verkhoyansk, 
the so-called “cold pole of the earth,” sum- 
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mer temperatures of above 90 °F. have been 
registered. In central Canada temperature 
extremes are not so great as in Siberia. 

Humidity and precipitation. The pre- 
cipitation is comparatively light, with a dis- 
tinct summer maximum. Few places have 
an average of more than 20 inches per year. 
Because of the low temperatures which pre- 
vail most of the time, the relative humidity 
is fairly high and the rate of evaporation is 
low. The summer rains and the melting 
winter snows supply sufficient water for the 
vegetation which flourishes through the 
short season. \^^iere the growing period 
is less than three months long, precipitation 
of 15 inches is ample, whereas in lower 
latitudes semiarid conditions would result. 
The winter snowfall, even where light, ordi- 
narily accumulates so that for several 
months each year the landscape is white- 
blanketed, without interruption by warm 
spells such as produce the well-known 
thaws of more southern climes. 

Native vegetation. The regions of sub- 
polar climates coincide roughly with the 
great belt of the northern coniferous for- 
ests, known as taiga. Spruce, fir, and larch 
are the dominant species. Only a few of 
the hardiest deciduous trees, such as 
birches, poplars, and willows, are found, 
and they only in sheltered places along 
stream c*ourses or intrenched valleys. 
Growth is slow because of the very short 
period wherein sunlight, wann air, and soil 
combine to favor plant growth. Tree roots 
commonly are shallow. 

Over the southerly portions of these re- 
gions in Canada and Eurasia, forest is con- 
tinuous and fairly heavy (Ulus, right). 
In its undisturbed condition, much of the 
taiga forms a dense jungle of standing and 
fallen trees intertwined with mosses. To- 
ward the northern border the forest be- 
comes scattered and scraggly as it ap- 
proaches the limit of tree growth. Where 
local conditions are relatively favorable, a 
prong of forest projects northward; where 
they are unfavorable, only shrubs or a mix- 
ture of shrubs and stunted trees survive. 


It is the margin of the coniferous forest 
where neither tree nor moss can claim su- 
premacy (see Ulus. p. 214). North of it is 
the treeless tundra. 

Soils, The soils are podzolic. A forest 
litter covers the upper horizon, and under 
it lies the well-known very light gray layer 
leached of its solvent minerals and organic 
matter. The soils are, however, of but 
little significance, as the climate is the 
direct factor which practically controls the 
type of human activities which may be 
practiced. The agriculturally important 
soils are limited almost entirely to the im- 



Canada Highway between Hearst and (ieralton, 
Ontario. 


mature alluvial lands bordering streams 
and lakes. 

Land utilization. On the whole, in the 
regions of subpolar climates man's cultural 
landscape has not made great inroads upon 
the natural landscape. Such agriculture as 
is practic*ed is distinctly of the patch type 
and is almost wholly for local subsistence 
purposes. Barley, of the hardiest kind, is 
the chief cereal grown, although some rye 
is produced in a few districts along the 
southern margin. Potatoes do quite well 
and serve as an important foodstuff in some 
areas, particularly northern Sweden, Fin- 
land, and Russia. Hardy vegetables and 
quick maturing berries play a local role. 

The forest is the principal resource. It 
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has not yet been widely exploited in North long provided the essential raw materials 
America because other forested areas are for the world's finest tiir coats and sc^Lirfs. 
closer to markets, but with their depletion The activities of hunting, trapping, trading, 
will come increasing demands upon the re- and transportation serve as the basis of ex- 
sources farth(3r north (Ulus. l)(‘low). In istence for some of tlie oldest and best- 
Norway and Sweden exploitation is carried known a)rporations in the world, among 
on profitably, coupled witli a rc'planting which the Hudson Bay Company is con- 
program that has won wide acchiim. Rus- ceded premier position in North America. 



Courtesy The NciHoml Film Board, Canada. 


The northern coniferous forest along the Alaska Highway in northeastern British Columbia. 

sia has vast forest resources within the sub- On the whole, the subpolar regions are 
polar climatic region, and while some use is characterized by such climatic hardships 
being made of them, their full exploitation that they must be classified as unfavorable 
must await the establishment of better to human progress. They contain re- 
facilities for transportation than are now sources of vast possibilities, but exploitation 
available. awaits demands from without these regions. 

The northern coniferous forest to date Their fur resources have long been ex- 
has been of less economic importance for ploited successfully, but markets have been 
its trees than for its furs. The fur-bearing and are now almost entirely where climatic 
animals of Canada, Alaska, and Siberia have conditions are less severe. The forests will 
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become increasingly important as sources 
ot piilpwood and structural timber tor the 
lands to the south. Exploitation ot mineral 
wealth will probably progress along similar 
lines. In Sweden, Finland, and Russia the 
southern portions ot this belt have been de- 
veloped to a greater degree than elsewhere. 
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Chapter Thirteen 


THE INTERMEDIATE CLIMATIC 
REGIONS; n. THE SEMIARID AND ARID TYPES 


In the middle latitudes, domi- 
iiatecl by the prevailing westerlies, the dry 
lands are found only east of high mountain 
ranges or far inland where cyclone storms 
are weak and infrequent. The former is 
the case in North and South America, the 
latter in Eurasia east of the Black Sea. 
These dry intermediate climates may be 
divided into two main types: the semiarid, 
or steppe, and the arid, or desert type. 

The middle latitude steppes and deserts 
generally have greater annual range of 
temperature than the neighboring regions 
of humid climates: summers are hotter and 
winters colder. The diurnal range also is 
relatively great: the days are warmer and 
nights colder than in the humid regions, 
and the passing of occasional lows may 
bring sudden and violent changes in tem- 
perature. 

In general, the average annual rainfall in 
the semiarid intermediate regions is below 
20 inches, and that of the deserts is less 
than 10 inches. Inasmuch as average 
annual temperatures are considerably lower 
than in the dry tropical regions, evaporation 
is less rapid and whatever precipitation 
falls is more effective. Therefore, less rain- 
fall is required to make a climate humid 
than is true in the hotter areas. 

Although in the semiarid lands trees are 
generally lacking except along the larger 


watercourses, the rainfall is sufficient to 
maintain a fairl\ continuous vegetatixe 
cover consisting of short grass and xero- 
phytic bush, which can support grazing. 
Where rainfall is greatest, some of the land 
can be used successfully for crop agricul- 
ture. None of the deserts, exce])t the Takla 
Makan of Chinese Turkestan, exhibits con- 
ditions of such extreme aridity as are found 
in the Atacama or in parts of the Sahara. 
However, vegetation is so sparse tlfat the 
land can be used only for extensive forms 
of nomadic pastoral pursuits. 

The Intermediate Semiarid 
Type of Climate 

The most extensive semiarid regions in 
North America (Ulus. p. 200, No. 12) are: 

(1) the Columbia plateau, lying between 
the northern Rockies and the Cascades, and 

(2) the Great Plains, extending from south- 
ern Texas well into Canada along the 
eastern front of the Rocky Mountains. Still 
more extensive are the steppes that extend 
from southeni Russia far into the interior 
of Asia. The corresponding region of 
steppes in the Southern Hemisphere lies 
along the eastern base of the Andes in 
Argentina and in southeastern Australia 
(see World Map of Climatic Regions). 
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Temperature. Temperature conditions 
vary widely with latitude and altitude. 
The average summer temperatures, June to 
August inclusive, vary from 80°F. in Texas 
to 60 °F. in southern Canada, while the 
winter temperatures, December to Febru- 
ary inclusive, vary from 50®F. in Texas to 
10^ or 15 "F. in southern Canada. The 
average length of the frost-free season is not 
less than eight months in the warmest por- 
tions, while in the colder areas it is but 
three to four months (Ulus, below). 


Middle latitude steppe eliniate. Average tem- 
perature and precipitation, Miles City, Montana. 
Total precipitation 13.5 indies. 

Winds. Although these semiarid re- 
gions lie in the belt of the prevailing wester- 
lies, local weather conditions vary widely. 
In North America the westerlies bring mod- 
erate rainfall to the Columbia Plateau dur- 
ing the winter season, but east of the Rocky 
Mountains they produce little precipitation 
until after they have crossed the Great 
Plains. In late spring and early summer, 
when the storm paths are farther north than 
in winter, humid marine tropical air masses 
from the Gulf of Mexico may penetrate far 
inland and bring to the Great Plains the 


major share of their annual rainfall, partly 
in the form of thunderstorm precipitation. 

In southern Russia and Siberia, cold 
northeasterly winds from the Asiatic high- 
pressure area prevail in winter, while dur- 
ing the summer the winds generally are 
from a northwesterly direction. During 
both seasons the effects of cyclonic storms 
passing to the northwest are occasionally 
felt. In the steppes of Mongolia the in- 
fluence of the Asiatic monsoons predomi- 
nates. 

Wind velocities are relatively high across 
the unobstructed surfaces of most semiarid 
plains. In the northern Great Plains of the 
United States and Canada blizzards occur 
during the winter season: strong, cold winds 
accompanied by very fine, blinding snow. 
Severe blizzards cause heavy losses of do- 
mestic livestock and wild animals. Dur- 
ing the summer season, on the other hand, 
hot winds are not uncommon, particularly 
in the lower latitudes along the eastern 
margin ol the Great Plains. Protracted pe- 
riods of drought and high temperatures 
cause such winds to be destructive to farm 
crops, and in some cases to the natural 
vegetation as well. 

Humidity and rainfall. Although the 
average annual precipitation of most semi- 
arid climates varies from about 10 to 20 
inches, these limits are by no means exact. 
In the middle latitudes the semiarid regions 
of both the Americas have a wide extent 
north and south. Hence, differences in 
temperature, length of the growing season, 
and rate of evaporation, as well as rainfall, 
affect the degree of aridity. In southwest- 
ern Texas, for example, evaporation during 
the long warm season is about twice as 
great as in the shorter, cooler warm season 
of the northern part of the Great Plains. 
Consequently, areas in Texas with more 
than 20 inches of rainfall may be semiarid 
whereas those in the north may be classed 
as humid with even less than 20 inches. 

In North America, crops of the cooler 
areas, in addition to being favored by a 
lower rate of evaporation, have the advan- 
tage of a highly favorable seasonal distribu- 




218 


INTERMEDIATE CLIMATIC REGIONS 


tion of rainfall. This is particularly true 
of the Great Plains. At Calgary, Canada, 
73 per cent of the annual raiiilall occurs 
during the months May to Septc^mber. 
On the Columbia Platc^au 50 per cent of the 
annual rainfall may be expected from No- 
vember to February, inclusive. The forme*r 
climate strongly favors spring wheat; the 
latter, winter wheat. 

Variability of rainfall is perhaps the most 

critical climatic factor in semiarid regions. 

Some years may have 50 per cent or more 

above the normal, while others may drop as 

much below. Such variabilitv is of much 

✓ 

greater economic significance where the 
average is near the lower limit of tolerance 
for crop plants than where the average is 
relatively high. There seems to be a tend- 
ency tor comparatively wet and drv years 
to occur in groups, but without any depend- 
able regularity. Furthermore, in the Great 
Plains particularly, rainfall is below the 
statistical averag(' in more than half the 
years. In the same place th(‘ rainfall may 
range from a sufficiency to maintain humid 
agriculture to an amount hardly able to 
support scattered bush v(‘getation. This 
variability should be considered normal tor 
most of the semiarid lands of the world. 
Agricultural and pastoral activities should 
be planned and practiced accordingly. 
During wet years preparation should be 
made for the drier years that will follow. 
There is no evidence at hand to indicate 
that any permanent climatic changes are 
now occurring. 

Native vegetation. Regions of semiarid 
climates are characterized by comparative 
sparseness of vegetation, but the cover is 
practically continuous and thus contrasts 
with deserts, where it is patchy or entirely 
absent. There are four major groups of 
native flora, all of them of the low-growing 
type; trees are found only along water- 
courses. (1) In the more humid sections 
where the rainfall is sufficient to cause rela- 
tively deep penetration of moisture, grasses 
of medium height abound. This type of 
vegetation is transitional between the sub- 


humid and the semiarid climatic areas, and 
thus is found within both. In the Great 
Plains of the United States, the scmi-tall- 
grass vegetation occurs in both the eastern 
and northern portions, in the former be- 
cause of a somewhat greater rainfall total, 
and in the latter because of the greater effi- 
ciency of the precipitation, which results 
from a lower evaporation rate. (2) The 
semi-tail-grass vegetation of the United 
States and Canada merges wx^stward, and 
in Russia southward, into the short-grass 
type which to many is the typical steppe 
(Ulus, below). (3) Where the rainfall is 
too low to support much grass, and where 
temperatures are relatively cool, sagebrush 
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Short grass stoppe o( eastern Colorado 

is likely to predominate. This type of 
natural vegetation prevails in the drier sec- 
tions of Montana and Wyoming as well as 
on the Columbia Plateau, where it is domi- 
nant over large areas (Ulus. p. 219). (4) 
111 the .southern part of the Great Plains, in 
New Mexico and southern Texas, mesquite 
and thorny bush interspersed with some 
grassy areas are the major phases of the 
vegetative cover. 

Soils. The mature soils of semiarid re- 
gions are pedocals. They are dark in color 
and have a zone of alkaline salt accumula- 
tion usually, although not exclusively, of 
lime carbonate. The color is generally 
dark brown in the more humid sections and 
lighter brown where rainfall is lower. Fur- 
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thermore, they are darker colored in the 
cooler portions than they are in warmer 
areas. 

The soils of the eastern Great Plains of 
North America are black soils, located in 
the transition belt from humid to semiarid 
climatic conditions. They correspond to 
the chernozems which developed imder 
similar climatic conditions in the steppes of 
European and Asiatic Russia. They are 
darker than tlie tiue semiarid soils, and the 


and on many of the gray-brown podzolic 
soils. (Ulus. p. 228.) 

Where rainfall is less than in the cher- 
nozem areas, the soils arc lighter in color 
and shallower, and the lime-accumulation 
zone is nearer the surface. On the basis of 
their color, these soils have been classified 
as chestnut and brown soils. They have 
been developed under a grass cover which, 
because of lower rainfall, was of lighter 
growth and had a shallower root system 
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Sagebrush vegetation in western Great Plains. Irrigated valley, Dubois, Wyoming. 


zone of lime accumulation occurs at greater 
depths, usually from two to three feet 
below the surface. The dark-colored hori- 
zon is 10 to 24 inches thick and has a stable 
granular structure. The black soils are 
among the aristocrats of soils, initially pro- 
ductive without the use of fertilizers, rich 
in humus, and readily tilled. Given a suf- 
ficiency of moisture, they will yield abun- 
dantly for many years. However, owing to 
the climatic conations, long-range average 
crop yields on the.se soils are generally ap- 
preciably below those on the prairie soils 


than the grasses which originally dominated 
in the black-soil areas. The lime accumu- 
lation zone occurs from six or eight inches 
to two feet below the .surface. 

In areas approaching desert conditions, 
where rainfall is too low to support con- 
tinuous grass cover, the soils belong to a 
group known as the sierozems and gray 
desert soils. These are the principal soils 
in the Great Basin and Colorado Plateau 
regions of the United States. The color 
varies from light brownish gray in the north 
to almost reddish in the south. The sur- 
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face horizon is a thin, pebbly layer, and 
under it is a zone of light, porous material. 
The subsoil is usually brown and compact. 
The zone of lime accumulation is near the 
surface and is often firmly cemented into a 
mineral hardpan. The gray desert soils are 
necessarily low in humus because of the 
paucity of vegetation which can be sup- 
ported by the meager rainfall. 

On the whole, the soils of the semiarid 
lands are readily tilled and are produc- 
tive where water is available. Crops yield 
abundantly under irrigation, or without irri- 
gation in years when rainfall is above nor- 
mal. The unleached soils contain an abun- 
dance of soluble mineral salts. Since 
under natural conditions these salts are 
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Wheat farming in the short grass steppe of 
western Nebiaska. Shows strips of fallow land 
alternating with strips of growing wheat. 

usually well disseminated throughout the 
.soil, they do not impair productivity. 
However, when irrigation water is applied, 
care must be taken to provide adequate 
drainage or the alkali salts will become con- 
centrated near the surface of the soil by the 
evaporation of excess moisture. Such con- 
centration causes good lands to become 
“alkaline” and thus almost worthless for 
crop production. Costly errors involving 
disastrous consequences have been made in 
some of the irrigation projects by failure 
to recognize the danger of concentration of 
alkali salts. 

Land utilization, Semiarid lands nearly 
everywhere mark the transition from crop 
farming to cattle along their humid margins 


and from cattle to sheep in their drier por- 
tions. During wet periods, crop farming 
may become so profitable that it encroaches 
seriously upon grazing lands, only to be 
forced to retreat again upon the inevitable 
return of dry years. 

The semiarid regions are important in 
wheat production, autumn-sown varieties 
being dominant in the warmer sections and 
spring wheat in the areas where the winters 
are severe. The semiarid lands of Russia, 
Canada, and the United States include 
some of the greatest wheat -producing re- 
gions of the world. The wheat! an ds arc 
located in the more humid portions of the 
steppe, where the accumulated winter 
moisture is augmented by sufficient spring 
and early summer rainfall to make a wheat 
crop before the heat and summer drought 
become severe. The best wheatlands are 
in the chernozem areas, where the suffi- 
ciency of moisture was early indicated by 
the taller grasses. Wheat is produced also 
in the drier areas of chestnut brown and 
brown soils, but yields are less dependable, 
and such lands are therefore more definitely 
marginal than are the chernozem districts 
(Ulus. p. 228 ). 

The wheat crops which ordinarily place 
Kansas, North Dakota, and Nebraska at 
the head of the procession in the United 
States are produced chiefly in the more hu- 
mid portions of the Great Plains. 

Cattle grazing is important in all semiarid 
regions, the intensity depending upon vege- 
tation and marketing facilities. Forage 
crops are produced to supplement the nat- 
ural pasture wherever pressure of popula- 
tion is such that the land can profitably be 
used to nearly its full capacity. Drought- 
tolerant forage crops, such as millets and 
sorghums, have been brought from Eurasia 
and introduced into the Great Plains with 
conspicuous success. The open range 
which formerly characterized the semiarid 
lands of the United States has given place 
generally to fenced ranches wherein pas- 
turage of the native grasses is controlled 
more or less efficiently and is supplemented 
by fodder crops and, in some cases, by yard 
feeding. This change has nearly elimi- 
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nated the cowboy as the picturesque char- 
acter of earlier days. The “cow country” 
has been pushed into the drier regions of 
the southwest and but few of its original 
characteristics are now found within the 
Great Plains. In Argentina the cowboy, 
called the gaucho, is still a picturesque fig- 
ure, but even there he is gradually being 
shoved westward and southward by the 
encroachment of crop farming and fenced 
ranching. It seems certain that in Argen- 
tina, as in the United States, the activities 
of the cowboy will be confined to lands 
where rainfall will not support grain pro- 
duction but where it is sufficient to main- 
tain a grass cover. 

Sheep ranching predominates in the drier 
sections where low rainfall, high evapora- 
tion, or poor moisture retentiveness of the 
soil result in sparse vegetation inadequate 
for cattle. It is an industry that may be 
considered transitional between the semi- 
arid and the arid lands (Ulus, below). 



Sheep grazing on the short grass steppe, the Pierre 
plains near Ardmore, South Dakota. 


Under poorer conditions some profits may 
still be made with goats. The livestock sit- 
uation may thus be summarized by stating 
that the fat grazing lands are used for cattle, 
the sparse grazing lands for sheep, and the 
worst grazing lands, characterized by bush 
and hardy shnib, for goats. 

Where water is available and markets are 
accessible, extensive irrigation systems have 
been constructed, particularly in the United 
States, east of the Rockies, from Montana 


to New Mexico. The greatest degree of 
success has been achieved in the northern 
half of the Great Plains, because of the 
larger size of the rivers which head in the 
mountains and flow across that section. 
Similar projects have been developed on 
the Columbia Plateau. High yields per 
acre may readily be obtained under irriga- 
tion, because generally the soils of semiarid 
regions arc exceptionally fertile and the 
alluvial lands arc easily tilled. The crops 
which have proved most successful belong 
to one of two types, either those which need 
abundant moisture with much sunshine and 
give large cash returns per acre, or those for 
which local demands are comparatively 
strong. Sugar beets, melons, specialized 
fniits, and early season vegetables are ex- 
amples of the former, while feed and forage 
to supply the local grazing industry illus- 
trate the latter. Since the areas under irri- 
gation are small in c'oinparison with the un- 
irrigated uplands, the needs of the ranches 
for feeds to supplement the ranges, espe- 
cially in winter, result in comparatively 
high prices lor the forage and grain crops 
produced in the irrigated valleys. Further- 
more, the ranchers of the Great Plains find 
it advantageous to finish beef cattle for the 
market, so fur as possible, prior to sale, and 
for such purposes quantities of alfalfa, 
sorghums, and grains are demanded. 

The production of specialized crops such 
as sugar beets, plus the production of feed 
crops for local markets, has given great im- 
petus to the development of irrigation proj- 
ects in the semiarid regions of the United 
States. This development has not been 
equaled in any other semiarid area of the 
middle latitudes. The belief that the na- 
tional welfare of the entire c'ountry would 
be enhanced by making the slightly pro- 
ductive areas more productive, and thus 
adding to the national income and to na- 
tional strength, has been an important fac- 
tor in promoting this development. 

The outlook. No climatic regions de- 
mand more careful study of the question 
“To what purposes shoula the land be put?” 
than do those of the semiarid type. Sound 
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policies of land utilization must be based 
upon a knowledge and consideration of 
many factors. The topographic features, 
quality of the soil, native vegc'tation, length 
of growing season, severity of winters, heat 
of summers, the amount, seasonal distribu- 
tion, and aunual variability of rainfall — ^all 
are factors of major importance. 

Economic returns from these regions de- 
pend upon the selection of such crops as are 
adapted to the existing natural conditions. 
For cultivated crops, methods of tillage to 
conserve* moisture must be emjdoyed. The 
ability of the soil to withstand wind action 
and the erosive cflect of dashing rains 
should be carefully studied before the na- 
tive vegetation is disturbed. The* economic 
factors should be given careful considera- 
tion. Crop production should be favored 
only wh(*re profitable returns may be rea- 
sonably certain oii a basis of average or 
even below-average conditions, and should 
be discouraged in all sections where such 
returns can be expected only under tlu* 
most favorable weather and inarkt't condi- 
tions. Large areas of semiarid lands still 
await exploitation in Asia, South America, 
and Canada, as do also smallcT areas in the 
United States. 

It is to be hoped that the mistakes of the 
past, wherein, during w(*t years, lands were 
broken and put into tillage regardless of 
soil conditions, may not be repeated. When 
several wet years follow one another in 
succession, as they may be expected to do, 
let owners and users beware lest th(*y ex- 
tend the cultivated acreage into areas 
where only grass can be permanently suc- 
cessful. Grass is nature's adaptation of 
arid land to the climate. Man should 
study carefully all the factors and the prob- 
able results before he destroys the sod. 

The Intermediate Arid 
Type of Climate 

The deserts of the middle latitudes, as 
a class, are not so completely desolate as 
are those of the low latitudes. In the 
latter, temperatures are high throughout 
the year, humidity is low, and the intensity 


of evaporation is great, whereas in the 
middle latitudes evaporation takes place 
slowly during the several months of the* 
cold season. Furthermore, the average 
annual rainfall is slightly greater in most 
of the middle latitude deserts than in those 
of the low latitudes. As a result of the 
somewhat larger amount of rainfall and its 
greater efficiency in providing soil mois- 
ture, the scattered xerophytic vegetation is 
more abundant in the cool than in the warm 
deserts. 

The best-known middle latitude deserts 
are in southwestern United States and cen- 
tral Asia. (See World Map of Climatic 
Regions.) The deserts of the Great Basin 
and the Mojave of California are examples 
of the former, and Takla Makan and Gobi 
of the latter. All are interior basins prac- 
tically surround(*(l by mountains which pre- 
vent th(‘ inflo\\' ol vapor-ladt‘u winds. 

Climatic conditions. The climatic con- 
ditions may be summarized in a few broad 
general statem(*nts. The average annual 
rainfall is less than 10 inches in most jdaces, 
although in cooler areas d(‘sert conditions 
may not be rt'ached until precipitation ialls 
below 6 inches. Diurnal and seasonal 
ranges of temperature are pronounced; the 
maximum in sinnincr is comparatively high 
and the minimum of winter is low. In 
summer, days may be hot and nights cool. 
Winds are strong and irri'gular. Freezing 
temperatures at night persist later in the 
spring and begin earlier in the fall than is 
generally the case in humid climates of the 
same latitude and altitude. Since, how- 
ever, deficiency of rainfall is the one domi- 
nating cause of low productivity of the 
land, the other factors are of little signifi- 
cance. 

Desert soils are generally gray, coarse, 
and stony. Sharp changes of temperature 
cause disintegration of the rock by mechan- 
ical processes, which results in the forma- 
tion of relatively coarse materials. Chemi- 
cak processes are retarded by coolness and 
dryness, and decomposition therefore pro- 
c*eeds but slowly. Because of low rainfall 
there is little leaching, and since much ol 
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Subtropical semi-desert vegetation in Ari/ona. The tall cacti are Sa^uaro, A cholla cactus and a 
barrel cactus appear in the foreground. The low trees are palo icrdc. Note wide spacing of brush. 
Vegetation ol this general character is a near approach to the desert. The lower forms correspond to 
the garigue of Italy, and the taller shrubs to the maquis, 








U‘Vi'4sV^v 

*V. I*'* ■’ to’’^' 






o/ Snluml tliKtorti, Photo hn Hoi} Clinjoudn Amitr-, - 


Courtcyi/ Aniniran AttJsfutn 


224 INTERMEDIATE CLIMATIC REGIONS 


the soak-in returns to the air by surface 
evaporation, the dissolved mineral salts are 
not carried away but are left in the upper 
part of the soil. Desert soils are rich in 
soluble alkali minerals, sometimes so rich 
that plant growth is impossible; but they 
are low in humus because of the scantiness 
of the vegetative covering. 

Vegetation, Woody brush with thorns 
and hairy or resinous leaves typifies the 
plant life of the desert. Where winters are 


But even this industry depends in no small 
measure upon pasture lands in the adjacent 
mountains or upon supplemental forage 
produced under irrigation. 

In arid lands of the middle latitudes, as 
in those of the low latitudes where other 
forms of livestock fail, the goat may thrive 
(Ulus, below). While in the New World 
the pressure upon the land has not forced 
maximum utilization of desert wastes to 
the extent that it has in the Old World, and 
therefore the goat has not become so com- 


A h(’rd oi goats near tlie edge oi tb(’ Mongolian desert 


severe, herbaceous and fleshy plants die 
down, in contrast to warm deserts, where 
perennial cacti often grow to tree size and 
in some places into forest denseness (Ulus, 
p. 224), 

Land utilization. Middle latitude des- 
erts are grazing grounds of extremely low 
carrying capacity. Cattle can be grazed 
only where supplemental feed is provided 
by mountain pastures or by irrigated crops. 
Sheep ranching is the most widespread 
phase of land utilization in the arid lands. 


mon, goat raising is an industry of consider- 
able importance in southwestern Texas, 
New Mexico, and some other areas of near- 
desert conditions. The goat is the last 
word in land utilization; where the land is 
too rugged or dry for goats, man can hardly 
expect to succeed with other forms of live- 
stock. When pressure upon the land be- 
comes much greater than at present in 
America, we may expect economic condi- 
tions to make goat raising in the desert 
wastes of the Southwest increasingly profit- 
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Chapter Fourteen 


PRINCIPAL AGRICULTURAL 
PRODUCTS OF THE INTERMEDIATE REGIONS 


Agrichltuiu^ c)iTi’sii)i<: im i-ropics, 
and particularly in the regions of inter- 
mediate climates, is essentially dissimilar 
from that in the tropics. Its methods are 
diflerent, it produces dillerent crops, and 
it must meet diff(‘rent problems. 

In the tropics subsistence agriculture pre- 
vails; commercial agriculture is carried on 
chiefly in the form of large-scale capitalistic 
enterprises under western inanageineiit, 
though native commercial agriculture is in- 
creasing in importance. In the intermedi- 
ate regions, though many farmers still pro- 
duce primarily for their own immediate 
needs, commercial production is much more 
important but is gcaierally carried on as 
relatively small-scale individual enterprises. 

CIn the tropics the land can produce 
throughout the year, but in mo.st regions 
outside the tropics, a cold season limits pro- 
duction. Shorter growing seasons and 
lower average temperatures make it neces- 
sary to grow hardier crops than those raised 
in the tropics. Thus there is, on the whole, 
little overlapping in the types of crops pro- 
duced by the two major agricultural zones 
of the world,;jhe tropics and the middle 
latitudes. Where the fonner grow rice, 
cassava, and sorghums as the major food- 
.stuffs, the latter produce wheat, rye, and 
potatoes. Corn is one of the few crops 
common to the tropics, subtropics, and 
intermediate climates. 


The animal industries, ol secondarv im- 

j 

portance in most regions ol warm climates, 
play a vital role in th(' intermc'diate regions, 
producing enormous quantities of raw ma- 
terials, notably leather and wool, tor in- 
dustry, and meat, fats, and milk for food. 
The tropics produce little animal fats but 
much vegetable fats, some of which are in- 
dispensable to modern industry. .Rela- 
tively few products are common to both 
the tropics and the middle latitudes, the 
principal ones being sugar and tobacco. 
Although tropical sugar does cximpc'te with 
sugar produced from beets, and could do 
so even more successfully if no tariff re- 
strictions existed, many of the tropical 
tobaccos, because of their unique aroma, 
really should not be considered competitive 
with those raised in the intermediate cli- 
mates. Tropical fruits likewise are largely 
noncompetitive because they diflfer so ma- 
terially from those grown elsewhere. Thus, 
the products of tropical and middle lati- 
tude agriculture are so diverse that they 
give rise to an extensive commercial inter- 
change, a trade necessary to the welfare of 
the people of both of these climatic zones, 
and one which should increase in volume so 
as to raise the standard of living of all. 

Among the numerous nonindustrial prod- 
ut'ts of the middle latitudes, only those are 
discussed here which are of great impor- 
tance from a world point of view and which 
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enter international trade in relatively large 
(|uantities. In the regions of intermediate 
eliniates, production ol fruits and vege- 
tables on a commercial scale considerably 
(‘xcceds similar production in the tropics 
and subtropics; but in comjjarison with the 
other products of agriculture, their impor- 
tanc'e is so small that they are not included 
in the following discussion. 

Wheat 

The most important food of the inhabit- 
ants of the middle latitudes and dry sub- 
tropical regions is and long has been some 
form of bread. Archeologists, searching for 
remains ol human occupation and human 
life in the ages that preceded the period 
for which we possess definite historical 
records, have often found caches of grain, 
and sometimes ev'en evidence of bread- 
making. In the book of “Genesis’* man is 
ordered to earn his own bread, and the 
principal prayer ol Christianity includes a 
reference to this all-important staple food. 

Wheat is the be.st breadmaking grain, 
and thus, whcre\x'r man has settled in 
the intermediate and dry subtropical re- 
gions, he has planted it. From ancient 
times it has been a staple crop on which not 
only the life of individuals but often even 
the stability of states has depended. 

Climatic adaptability of wheat. The 
wide geographic distribution of wheat, from 
central India to southern Finland and from 
Central America to the Peace River, was 
made possible by its adaptability to various 
climates. This adaptability is largely a re- 
sult of the fact that botanically the genus 
wheat (Triticum) consi.sts of several 
species, most of which have developed 
numerous varieties, adapted to various sets 
of environmental conditions.^ 

Notwithstanding its great adaptability, 

' Among the principal species of wheat should be 
mentioned common wheat {Triticum ml^are), club 
wheat (T. compactum), spelt wheat (T. spelta), 
durum wheat (T. durum), rivet or cone wheat (T. 
turgidum), Polish wheat (T. polonicum), and 
emmer (T. dicoccum). 


w'hcat cannot be grown in some extensive 
areas because of adverse climatic conditions. 
Where winters are long and severe and 
summers cwl, with growing seasons of less 
than a hundred days, little wheat is pro- 
duced. ^ It is virtually absent in the regions 
with a subpolar type of climate; in North 
America and Eurasia these regions approxi- 
mate the broad belt of northern c'oniferous 
forests (see World Map of Climatic Re- 
gions). 

Equatorward the limiting factor is essen- 
tially a combination of temperature and 
humidity. It is not altogether impossible to 
grow wheat under tropical conditions, but 
the plant becomes so susceptible to diseases 
that such a possibility is only of academic 
interest. Practically speaking, wheat is not 
produced in regions of humid tropical cli- 
mates.) The warm limits, however, vary 
considerably from place to place. In 
humid subtropical regions, as in southern 
China and southern United States, wheat 
is of little importance. In thn dry_siib- 
tr()])ical regions^ however, wheat is 
Qip^F g^ain. There it is sown duriiig th§j 
late fall and early winttx Ttmatures dur- 
"^Ing the late spring and is harvested in the 
early part of the dry summer.^ Under such 
favorable climatic conditions wheat is 
grown in rather low latitudes in French 
North Africa, Egypt, and Palestine. On 
fhe dry western part of the Decca n Plateau 
^ central India, where a tropical savanna 
climate prevails, the cultivation of wheat 
extends to within 15° of the equator. This, 
hojvevcr, is an exceptional case; nowhere 
el^ within the tropics is wheat grown ex- 
tensively, except at high altitudes, where 
the climate is not tropical. 

The planting season — winter and spring 
wheats. The common distinction between 
spring and winter wheat refers primarily to 
the time of planting and does not necessarily 
indicate a difference in species. By slow 
adaptation spring wheats may be changed 
into winter types, and vice versa, i^wheat 
whjch is fall-sown on the plains of northern 
fndia, where mild winters prevail, might 
have to be sown in the spring on the plains 
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of Nebraska and Kansas, where the.:winters where most other grains do not give satis- 
ar<K. lather seve re. In some countries it is factory yields because of lack of moisture, 
diflScult foTTIistinguish clearly between fall the cultivation of wheat has in many parts 
and spring varieties. In northern Africa the of the world been pushed into subhumid 
sowing season lasts well into January, while and even semiarid lands. An additional 
in southern Argentina it does not end until reason is that, under conditions of low rain- 
the first half of August, the equivalent of fall, high-protein wheats are produced, cini- 
our northern February. If the winters are nently suitable for breadmaking, and which 
severe enough to kill a high percentage of therefore command a higher price than do 
the wheat plants, the sowing generally is the softer wheats of the more humid regions, 
done in the spring. This is the case where In the latter regions, also, a higher yielding 
frosts come early and average winter tern- and more profitable crop such as corn may 
peratures arc low. tend to push out wheat economically. 



Principal black-soil and related soil areas of the world. 


Moisture requirements. The optimum The subhumid and semiarid lands of the 
precipitation for wheat seems to lie some- middle latitudes had an original stand of 
where around 32 inches per year, varying, of grass. The scarcity of water and timber 
course, with seasonal distribution and with on these grasslands long formed obstacles 
temperatures. Where temperatures are rel- to their agricultural utilization. The soils, 
atively cool, ('xcess of moisture has a black cheniozems and related soils, are, 
decidedly unfavorable effect. Thus, little however, very fertile, because the low rain- 
wheat is grown in the rainy coastal lands of fall prevents the loss of valuable plant salts 
Oregon, Washington, British Columbia, Ire- through leaching and the age-long grass 
land, and western England. On the other cover has enriched the soils with humus 
hand, it still docs well where precipitation materials that impart the dark color (Ulus, 
is considerably below the optimum, and above), 
under such conditions its yields are affected 

less than are those of most other crops. Soil requirements. Wheat prefers fer- 

tile silt or clay loam soils, especially those 
Wheat as a subhumid and semiarid which contain a certain amount of lime. 
crop. As a result of this ability to grow On the stony, glacial soils of New England 
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where com gives satisfactory yields, wheat 
has never done well except during the first 
few years of cultivation. Although in this 
case climatic and soil factors are difiicult to 
separate, the latter undoubtedly strongly 
affect yields. On the well-drained, fertile, 
marine clay silts of the Netherlands and 
northwestern Germany, wheat is success- 
fully grown, but on the adjoining sandy and 


not become practical on the subhumid grass- 
lands until the latter half of the nineteenth 
century. Then, with the aid of modem 
agricultural machinery and well-drilling 
equipment, and with the facilities offered 
by railroad transportation, extensive farm- 
ing became profitable on large areas for- 
merly deemed unfit for tillage (Ulus, be- 
low). Wheat was the staple crop which 



Harvesting of wheat with a 12-f()ot combine and row crop tractor on a terrace and contour farmed field 

near Clovis, New Mexico 


infertile glacial soils it cannot be econom- 
ically raised even for local consumption. 

Colonization of the temperate grass- 
lands, In Russia, the settlement of the 
steppe proceeded slowly during the eight- 
eenth and nineteenth centuries. Likewise, 
in other parts of the world the farmers, ac- 
customed to an agriculture developed in 
forest regions, long regarded these grass- 
lands as unfit for anything but the cattle 
industry. Extensive tillage agriculture did 


gave the quickest returns on the initial ex- 
penses of colonization. Thus, within a 
brief period, the subhumid and semiarid 
lands outside the tropics became not only 
large producers of wheat, but also its chief 
exporters. As a repercussion to this revolu- 
tionary development in world agriculture, 
the acreage of wheat declined in western 
and southern Europe and in the United 
States east of Chicago. In western Europe 
this development caused the severe agricul- 
tural depression of the eighties and nineties. 
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In many countries government protection 
of the wheat industry has tended to retard 
this downward trend, or even to reverse it. 

Principal wheat-producing regions. 
Even with the limitations imposed by cli- 
mate, soil, and economic and social condi- 
tions, wheat is grown widely in the inter- 
mediate and subtropical regions for both 
subsistence and commercial purposes. 
Among the important producing countries 
are several in which large quantities are 
produced for the home markets and where 
the crop has only an indirect influence upon 
world trade and world prices. Among 
these should be mentioned the Soviet Union, 
France, Italy, India, C^hina, Spain, and Ger- 
many. Because of their large populations, 
however, they consume practically all the)’ 
produce, and in subnormal years they even 
import considerable quantifies. The princi- 
pal producers from a commercial point of 
view are Canada, Argentina, Australia, the 
United States, and the countries of south- 
eastern Europe. Argentina and Australia, 
both of which play an important role in the 
world’s wheat trade, rank below France and 
Italy in total output, but their spanseness 
of population and absence of important 
indu.strial districts enable them to export a 
large percentage of their crops. 

Wheat in North America — limits of 
wheat cultivation. The world’s most im- 
portant area of commercial wheat produc- 
tion lies in the Great Plains of .Nxjrth. 
America, and extends from northern Texas 
to the Peace River di.strict of Alberta (Ulus, 
p. 238). It is limited on the north by 
the short and cool summers of the subpolar 
climate and on the south by the increasing 
heat and humidity of the subtropical climate 
of the Gulf Coast region. Eastward, cotton 
and corn replace wheat in the southern half 
of the United States because they give 
larger returns per acre. In the central 
United States and farther to the north, 
dairy farming reduces wheat to a subordi- 
nate position. 

To the west, the pert*entage of the land in 
wheat gradually decreases with the increase 


in aridity. Along the entire western mar- 
gin of the wheat belt lies a broad strip where 
wheat farming, and for that matter ordinary 
tillage agriculture in general, is decidedly 
uncertain. The fluctuations in rainfall from 
year to year make farming a hazardous en- 
terprise. Ill some districts the precipitation 
of one year regularly falls below the mini- 
mum neces.sary to raise a crop, and the 
accumulated precipitation of two or more 
years is used for one crop by means of 'Wry 
farming” methods. 

In this marginal zone the western limit of 
wheat production swings back and iortli. 
During periods of comparatively heavy rain- 
fall and high prices, agriculture tends to 
move westward. In dry years, and in 
periods of eeononne depr(*ssion, agriculture 
retreats before the advance of the livestock 
rancher. This region is truly a “permanent 
pioneer belt.” 

In North America the wheats grown east 
of approximately the 95th meridian are pre- 
dominantly of soft and starchy texture, 
while those of the less humid regions to the 
west of this line ar(‘, with the exc'eptions of 
those grown in the Pacific Coast . states, 
hard and vitreous and generally of higher 
protein content. These bear th€* market 
classifications of soft and hard wheats, re- 
spectively. The hard-wheat belt of the 
Great Plains is the foremost producing re- 
gion oi North America. 

The hard red spring wheat region. 
The American hard-wheat belt can be di- 
vided into two sections, the northern and 
the southern, separated by a narrow gap in 
northeastern Nebraska where wheat is of 
little importance. The northern section, 
in Alberta, Saskatchewan, Manitoba, parts 
of Montana, North Dakota, South Dakota, 
and western Minnesota, occupies the larger 
area and is the gieater producer of the two. 
Because of the long, cold winters, spring- 
sown varieties are grown almost exclusively; 
therefore the region is commonly referred to 
as the hard red ^ring wheat region (Ulus, 
pp. 231, 238). The climate is subhumid to 
semiarid The soils belong to the groups 
ol the brown and chestnut brown soils, the 
chernozems, and prairie soils, all rich in 
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Cmtrti’sij L'nii. of Maryland. Dept, of Geography 

Wheat Regions of North America. 1. Spring \Mieat Region: areas of less dense production. 2. Same: areas of dense production. 
3. Winter Wheat Region, humid portion: areas of less dense production. 4. Same: areas of dense production. 5. Same, suh-humid 
portion: areas of less dense production. 6. Same: areas of dense production. 7. Columbia Plateau Wheat Region. 8. \’alley of Cali- 
fornia Wheat Region. 
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plant foods. The wheat is of excellent 
quality, hard and with a high protein con- 
tent. Considerable durum wheat is grown 
also ill this region. Although dumm is not 
well adapted for breadmaking, it is highly 
esteemed in the manufacture of such wheat 
products as macaroni and spaghetti. 

Most of the Canadian and a large per- 
centage of the United States spring wheat 
is exported via the Great Lakes waterway, 
through the Canadian ports of Fort William 
and Port Arthur and the American ports of 
Duluth and Superior. The principal export 
centers are Montreal, New York, Philadel- 
phia, and Baltimore, the United States ports 
ranking foremost during the winter when 
the St. Lawrence is iec-bound. Much of 


past years has been shipped to coastal 
points, especially Galveston and New Or- 
leans, and exported from there. The hard 
red winter wheat region is normally the 
foremost source of wheat exports from the 
United States. 

The soft wimisR wheat region. To the 
east and south of a line running approxi- 
mately from Tulsa, through Kansas City to 
Chicago, lies the soft winter wheat region, 
which reaches across the Appalachians to 
the Atlantic Coast in northern New Jersey, 
Delaware, Maryland, and northern Virginia. 
This area is bordered by the C]orn Belt and 
the hay and dairying region on the north, in 
both of which regions wheat is important 
locally, and by the Cotton Belt on the south. 



Principal wheat-producing states of the Unit'd Stales. A\(Tag(' 1940-1948. 


the American spring wheat goes to various 
interior milling points, of which Minneapo- 
lis and Buffalo are the most important. 

The hard red winier wheat region. 
The southern section of the plains wheat 
belt embraces parts of Nebraska, Kansas, 
eastern Colorado, Oklahoma, and Texas, the 
state of Kansas ranking first by far in pro- 
duction (Ulus. p. 231). This is the hard 
red whiter wheat region. In this area the 
winters are so short and mild that the grain 
can be sown in the fall. The wheat is not 
quite so hard as that grown farther north, 
but it nevertheless is a highly desirable type 
for milling into bread flour. While much 
of this grain moves to interior primary 
markets and reshipping points, such as 
Kansas City, St. Joseph, Omaha, and St. 
Louis, more than a fourth of the crop in 


The wheat grown is winter-sown, and rather 
soft, owing to greater humidity. On the 
whole it is, iioy Orwell suited for bread flour 
as the harder varieties grown farther west, 
but it makes high quality .pastry flour. 
Some .soft white winter wTieat is ^own in 
southern Ontario and western New York. 
Although the eastern soft winter wheat re- 
gion accounts for nearly a third of the total 
wheat acreage in the United States, most 
of it is consumed within the country and 
but little of it enters international trade. 

, The Columbia Plateau region. An- 
other important center of wheat production 
is located on the Columbia PkteaiLof . Wash- 
ington and Oregon and western Idaho. 
Various types are grown in this region. 
The winter climate is mild, and although 
botli hard red winter and hard red spring 
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wheats are grown, especially in drier loca- 
tions, the softer varieties, ^ch as ^ite club 
wheat, domiijatc. Most of the cropTs con- 
sumed in the western part of the United 
States, but large quantities are cjmorted 
from Portland and neigbbbnng Pacific ports 
to Europe and the Far East. 


Canadian and United States exports. 
The United States can and usually does 
produce much more wheat than is needed 
to meet domestic demands. Wheat is a 
cash crop and is better adapted to the cli- 
matic conditions of a large part of the sub- 
humid plains than is any other grain. 
Tlierefore, the wheat fanner has been 
greatly dependent upon foreign demands 
for the disposal of his surplus. In the years 
just before World War II competition on 
the world market had become increasingly 
difficult for the farmer, jiartly as a result of 
greatly increased production in the other 
exporting countries and partly as a result 
of the protec1:ionist policies of many of the 
importing countries as well as those of the 
United States. Consequently, exports de- 
clined so that th(* United States ranked be- 
low (Canada and Argentina, and often below 
Australia. After World War II, United 


States wheat exports increased greatly for 
a few years. 

Canada ordinarily holds first rank in 
wheat exports among the countries of the 
world, chiefly because of the* sparse popula- 
tion and the large areas of prairie lands 
suitable for the production of this crop. 


ness of the land mass of southern South 
America, continental influences are much 
less pronounced in the climate of the east- 
ern Argentine than in ewresponding parts 
of the United States. The winter tempera- 
tures are.j[nild — only occasionally below the 
freezing point — ^and the summers are warm. 
The climate of part of the area is humid 
subtropical. Over much of the area, how- 
ever, precipitation is lower than in other 
regions with a similar climate. It ranges’ 
from approximately 40 inches in the neigh- 
borhood of Buenos Aires to 20 inches near 
the western edge, of . the. .Paanpa region 
proper. From here westward and south- 
ward it decreases rather rapidly to 10 inches 
and less. The soils of the “wheat crescent” 
are derived from loess and loesslike mate- 
rials and bear strong resemblance to the fer- 
tile dark soils of the middle .w:c§tern part of 
the United States, although often slightly 
more leached. 

Wheat farming as an adjunct to the 
cattle industry. The natural veg(»tation of 
this section of Argentina and the neighbor- 
ing lands in Uruguay is gra^s — the Pampa, 
As in other grassland areas, livestock rais- 
ing was once the only important agricul- 
tural activity, and to a large extent it still 
dominates the economic life of the country. 
In many districts the cultivation of wheat 
is carried on in close association with the 
cattle industry. Areas of land are leased 
by the owners for short periods to immi- 
grant share tenants, the majority of whom 
are of southern European origin. At the 


Wheat in Argentina — climate and soils. 
The wheat region of South America is lo- 
cated in a huge semicircle around the estu- 
ary of the Rio Parana, the Rio de la Plata. 
Because of its peculiar outline ( Ulus. p. 235 ) 
is often referred to as the “wheat crescent” 
of Argentina. In Uruguay wheat produc- 
tion is of small but increasing importance. 
The latitude of the “wheat crescent” cor- 


end of the leasehold the tenant is required 
to leA^e the land in alfalfa, for which it has 
been prepared by the cultivation of wheat 
during several successive years. The ten- 
ant usually moves on to some other piece 
of land, where the same process is repeated. 
The harvest takes place during November, 
.December, and early January; thus the 
wheat can be marketed when stocks in 


responds to that of northern Texas, Okla- 
homa, and Kansas. Thus it may be com- 
pared with and actually is competitive with 
the hard red winter wheat region of the 
United States. As a result of the narrow- 


Europe, the principal center of consump- 
tion, are beginning to run low. Cheap 
land, cheap labor, good railroad facilities, 
and proximity to ports such as Buenos Aires, 
Rosario, and Bama Blanca aid in keeping 
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down the costs of transportation. Argen- 
tina, therefore, is an important factor in the 
world wheat market, ranking secon d^only 
tfluCapada as a^xporter. Large areas are 
still available for wheat, and if market con- 
ditions should warrant it, production could 
easily be doubled. 

One of the main problems facing the 
Argentine wheat indu.stry is that of trans- 
portation from farm to railroad. In a loess 
region, where stone is scarce, roads are ex- 
pensive to build. Storage facilities also, 
especially in the country, are inadequate, 
resulting in a rush to market as soon as the 
crop is harvested. This practice sometimes 
depresses the price of the grain on the farm 
to unwarranted levels. 

Wheat in Australia, In Australia wheat 
is the principal grain crop, occupying over 
half of the area of Jhlled land. It is grown 
chiefly in the regions of Mediterranean 
climate, the leading .states being New South 
Wales, Victoria, South Australia, and West- 
ern Au.stralia, Tlie winter rainfall ranges 
from 10 to 20 inches; at other seasons the 
rainfall is slight. In many districts dry- 
farming practices are necessary to assure a 
crop (Ulus. 235). 

Seeding generally occurs in the fall — that 
is, in April and May — and harvesting is 
done in late spring and early summer, the 
beginning of the dry period. - Australia, like 
Argentina, thus enjoys the commercial ad- 
vantage of being able to market its crop 
early in tlie year. The principal handicaps 
of wheat growing in Australia are: (1) 
great distances from the European market 
centers, and (2) unreliability of rainfall, 
which leads to great fluctuations in produc- 
tion. While Australia ranks below France 
and Italy in total production, because of 
its small population it ordinarily consumes 
less than half of its crop, and so holds 
fourth or third place in export trade. Most 
of the wheat is shipped westward through 
the Suez Canal to Europe, but annually 
considerable quantities are exported in 
tramp sailing vessels via Cape Horn, giving 
rise to the so-called “grain race” to English 
ports. After World War I, however, the 


Far Eastern countries, especially Japan, be- 
came important as markets for Australian 
wheat. 

Wheat production in Europe and else- 
where, Althoiigh much jvheat is produced 
in western and southern Europe, particu- 
larly in France, Italy, Germany, and Spain, 
it all supplies domestic consumption. The 
principal European export centers lit^ in the 
Lower I^anube Basin of Romania and Bul- 
garia and in the Ilungariaii Basin. Russia, 
the greatest European producer, no longer 
regularly has an export surplus (Ulus. p. 
235). 

In all threi* of these eastern regions th(* 
climate is decidedly continental, with cold 
winters and hot summers, "fhe seasonal 
distribution of rainfall, with spring and 
early summer maximum, is favorable tor 
wheat production. The amount of annual 
rainfall cl('ci(‘ases eastward. In the Hun- 
garian Plain it ranges from 28 to 20 inches, 
in the wheat districts of Romania from 24 
to less than 16 inches; still farther east, in 
the w^heatland of the' Soviti Union, it de- 
creases eastward to an average of 12. inches 
in the lower \'olga districts near Saratov. 
The natural vegetation ov(*r most/of th(‘se 
areas was, and to a certain extcMit still is, 
grass; the soils gcMUTally are fertile, either 
chernozems or chestnut brown and browm 
steppe soils. 

In^ the Danube plains and in southern- 
most Russia, winter wheats predominate. 
In most of Russia, however, the snow cover 
is too light to protect the plants from the 
effects of the severe winters, and therefore 
.spring-sown varieties must be grown. In 
much of southern Russia the wheat industry 
is subject to the same handicaps as in the 
Great Plains of the United States. Winter 
snows and spring and early summer rains 
fluctuate greatly in amount from year to 
year and deficiency of moisture often causes 
crop losses and sometimes famine condi- 
tions. It is in this part of the world that 
“dry fanning” was first practiced. 

The belts of black, chestnut, and brown 
soils on which most of the wheat of Euro- 
pean Russia is grown extend across the Ural 



OF THE INTERMEl^lATE REGIONS 


235 


Mountains into Siberia. They gradually 12 to 14 bushels per acre. In the Soviet 

become narrower, and east of the Yenisei Union, early in the Five Year Plans, only 

River they break up into isolated areas 10 bushels per acre were obtained. At the 

which continue to the brown and black opposite extreme is the intensive rotation 

soils of Mongolia and the Manchurian Plain, agriculture of humid northwestern Europe, 

Wheat cultivation has followed this belt where wheat is raised on a small scale as 

far eastward into Siberia (Ulus. p. 228). part of a rotation with hay and root crops 
The quality of wheat improves from we.st and in connection with livestock that pro- 
to east with increasing aridity. The wheats vide manure for fertilizing. Here Belgium, 

of the Hungarian Basin and the lower Dan- the Netherlands, and Denmark have regu- 

ube area are comparable with the hard red lar yields of 40 to 45 bushels per acre, 

winter wheats ot the United States, and In France', Italy, and Hungary yic^lds are 

.some ot the Russian wheats can be com- about 22 biLshels per acre under normal 



Principiil wlieat producing regions of the* world and wlieat trade. Ba.sed upon 1922-1923 to 1928- 
1929 average and adapted from Holbrook Working and P. S King, "Graphic Representation of Wheat 
Trade,” Wlieat Studies of the Food Research Institute, Vol. 6, No. 10, 1930. 

pared with the be.st hard spring wheats conditions; in C.'hina, Turkey, and Romania, 
produced in Canada and northern United 15; and in India about II. 

States. 

Among the other wheat-producing areas Wheat as a commodity of international 
of the world .should be mentioned north- trade. Wheat not only keeps well during 

western India, northern China, northern storage and transportation but it is in great 

Africa, especially Algeria, and Manchuria, demand as a basic foodstuff in many parts of 

The c'ommercial importance of these areas the world, especially in the middle latitudes, 

is, however, relatively small. Although in some countries, as in the United 

States, the per capita consumption has con- 
Wheat yields. Yields of wheat differ tracted slightly as a result of changes in the 

greatly in accordance with cultural methods diet, in other c*ountries, as in Japan, the 

and climate^ In the great semiarid areas demand has been growing. Good bread 

that produce the principal surpluses in flour requires a considerable amount of 

the United States, Canada, Argentina, and careful blending. For these reasons wheat 

Australia, farming^ is ^mechanized and ex- has become one of the principal articles of 

tensive and yields of wlieat average only the world trade in raw products, and the 



PRINCIPAL AGRICULTURAL PRODUCTS 


236 

trade in flour likewise is highly important. 
The United States is the leading exporter 
of flour. 

The principal centers of consumption and 
deficit production are western Europe and 
eastern United States. Both areas are 
densely populated and highly industrial- 
ized; furthermore, climatically they are bet- 
ter adapted to other crops than wheat. Of 
the two, Europe is the more important con- 
sumer. Large quantities of wheat are 
shipped tliere each year from Ar- 

gentina, Australia, and the United States 
( Illus. p. 235 ) . The Danube plains likewise 
find important export markets in western 
and southern Europe. In recent decades 
the demand for wheat in Japan and China 
has increased materially, resulting in in- 
creased shipments from Canada, the United 
States, and Australia. 

Rye 

As a bread grain, rye is much less .satis- 
factory than wheat. Rye bread is dark 
brown, compact, and usually soggy inside. 
It is generally referred to as “black bread.” 
In Europe rye bread is eaten chiefly by the 
poorer classes. Because of its poor quality 
and the social stigma attached to its use, a 
popular prejudice against it has developed. 
Wherever people can afford to do so, they 
eat wheat bread, or rye bread with a ctm- 
siderable admixture of wheat flour. 

The importance of rye as a bread grain is 
slowly declining. Nevertheless, it still is 
a major food in countries such as Russia, 
Poland, Germany, and Czechoslovakia. In 
Russia the rye acreage closely approximates 
that of wheat, and the total quantity of rye 
produced often exceeds that of wheat. Al- 
though on the whole rye has decreased in 
importance as a breadstuff, it has increased 
in importance as a feed crop, and therefore 
the world acreage lias tended to remain 
about stationary. 

Rye as a crop of poor soils. Where 
soils are leached, acid, and too poor for 
wheat, and where the climate is too raw, 
rye is a grain that may still give a satisfac- 


tory yield. It needs less heat and can stand 
more moisture. Winter rye survives where 
most of the winter wheat would be frost- 
killed. Rye is autumn-sown in mo.st places, 
but both as a winter and a spring grain it 
reaches much farther north than wheat. 

While it is grown to some extent on fairly 
good soils, rye is the typical grain of the 
poor, leached podzols which have developed 
upon the sandy glacial mantle rock and 
under the cool, moist climatic conditions in 
continental Europe north of the fiftieth 
parallel. Farther south rye occtirs locally 
in areas of poor soil, unfavorable climate, 
or both, as on the Central Plateau of France, 
in Brittany, and on some of the sandier 
soils of the Hungarian Plain. Little rye is 
grown outside of Europe. In the United 
States the total rye acreage is small; the 
chief centers are in areas of comparatively 
poor soil and cool climate in North Dakota, 
Minnesota, South Dakota, and central Wis- 
consin. 

In comparison with wheat, the world 
trade in rye is of little importance. The 
principal exporting countries are the Soviet 
Union, Poland, Hungary, and Argentina. 

Com 

Although corn was not known to Old 
World agriculture until after the discovery 
of America, it is now one of the worlds 
most widely produced cereals. It is grown 
in every country in the New World from 
Canada to Argentina. Its numerous varie- 
ties are adapted to many climatic condi- 
tions: it can be produced where little rain 
falls, as in southwestern United States, or 
where rainfall is abundant, as in New 
England. It is grown on a commercial 
scale where the growing season is only 90 
to 100 days long, and where it is twice or 
thrice that length. It is also tolerant of 
different topographic locations, its cultiva- 
tion ranging from the low-lying coastal 
plains of eastern United States to steep 
mountain slopes of Colombia and Peru, 
where it thrives at altitudes exceeding 8,000 
feet. 

It is used as a breadstuff by millions of 
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people scattered over the warm lands of simple process, and standing dead trees 
the earth. It is used as a feedstuff for were but little hindrance to corn culture, 
domestic animals in many of the middle-lati- The corn was planted by hand in “hills.” 
tude countries, and thus is a splendid raw The separate hills could be fertilized with 
material out of which swine and steers make fish. Cultivation required only a simple 
choice pork chops and tender steaks, hand hoe, and the harvest was a leisurely 
Numerous prepared foods are made from process of gathering the ears when time and 
corn, such as grits, hominy, cornflakes, corn circumstances proved convenient. Storage 
syrup, and corn oil. Industrial products on the ear was relatively easy. No wonder 
by the dozen are or can be made from corn corn became recognized as a life saver by 
or corn stalks: for example, starch, alcohol, the colonists, and that its introduction into 
paper, rayon, and fiber boards. Corn cobs our agriculture is considered a hallowed 
arc extensively used as domestic fuel, event in American history. 



Principal coinnicrcial corn prodneinj; rcgnnis and international trade in corn. 


However, the sales of corn lor commercial Westward expansion of corn produc- 
processing in this country amount to only tion in the United States, The factors that 
about 7 per cent of the entire production, made c*orn profitable to the colonial pioneers 

made it highly useful under similar condi- 
Importance of corn to American colo- tions farther westward. With the pioneers, 
nists. Maize was the staple cereal food of corn production moved westward slowly 
the Indians. It soon became a staple cereal over the hilly, forested lands. The ad- 
in the English settlements of Jamestown and vancing wave of farmers depended upon 
Plymouth. Under pioneer conditions it com to furnish food for man and feed for 
had distinct advantages over the imported the animals while new lands were being 
European rye, oats, and wheat. For these cleared, settlements extended, and transpor- 
small grains, fields needed to be plowed, tation facilities provided. During all this 
and this required complete clearing of the time of slow advance over woodlands to be 
dense forests. At first such clearing was cleared for farming, com was important as 
impossible, but corn did not require plowed a subsistence crop rather than as a cash 
land. Girdling trees with an axe was a crop. 
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With the opening up ol the prairie liuidvS 
the picture changed; grasslands needed no 
clearing because they generally were tree- 
less and free from boulders. The soil was 
rich and the summer rainfall ample for the 
heavy demands of growing com. Large 
fields and surplus production resulted, quite 
in contrast to the small fields and local sub- 


a large* stretch of land possess nearly opti- 
mum conditions for its production, and the 
United States regularly produces at least half 
of the world’s corn (lllus. B, below). The 
climatic factors include a growing season of 
120 to 170 days, rainfall of 25 to 40 inches 
per year, and summer temperatures averag- 
ing above 70“ F., with the midsummer 



(A.) Averag<> prochictioii, 1946-1948, of six leafling corn state's. 


sistence crops of pionet*r days in tht* (‘astern 
woodlands. As previously pointed out 
(page 229), the period 1830-1880 marked 
the conversion of the humid grasslands oi 
the Mississippi Vall(*y from an area of 
grazing to one of grain fanning. These 
lands, together with adjacent cleared forest 
lands, then became and have since rc*- 
mained the great C^om Belt of the United 
States. 


pt'riod one of tiopical warmth. Rainfall, 
mostly from thunderstorms, is heaviest dur- 
ing the summer months. It reaches its 
apex in July, is still heavy in August, and 
tapers off to a minimum in autumn and 
winter. The growing season is favored 
with a high percentage of sunshine, an im- 
portant factor in promoting growth of the 
plant. The dry, cold winter facilitates stor- 
age at low cost with small percentage of 
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(B ) A\'tTag(' yearly j^rodiic'tion of com, 1944-1946, inclusi\c. 


The American Corn Belt. Tlu‘ Corn 
Belt extends from central Ohio to c'entral 
Nebraska, a distance of nearly 900 miles. 
Its width, north and south, varies from 
about 150 to more than 300 miles ( Ulus. p. 
238). The states leading in total produc- 
tion are Iowa and Illinois, generally holding 
first and second places, n'spectively. Ne- 
braska long held third place but has been 
surpassed by Indiana and Minnesota (Ulus. 
A, above). Although corn is widely grown 
on every continent, nowhere else does such 


lo.ss by shrinkage or by insect pests; this is 
of great economic importance whether the 
c*orn is marketed directly as grain or in- 
directly through the feed lot as pork or 
beef. Soils are fertile and easily tilled; in 
the eastern sections, where rainfall is heav- 
ier and soils therefore more leached, moder- 
ate quantities of mineral fertilizers have 
long been used, a practice that has gradually 
extended to the western section as well. 
The topography of the plains is conducive 
to the use of large-scale machine operations 
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in preparing the soil, cultivating, and har- erally accepted as the designation for the 
vesting (Ulus, below). area from Ohio to Nebraska and from 

Other geographic factors also contribute southern Minnesota to northern Missouri, 
to the success of the Corn Belt farmers, let it not be thought of as a one-crop coun- 
The ingenious and inventive pioneers found try. Diversified farming is the general 
this to be not only a land endowed with ex- practice. Only 50 to 65 per cent of all the 
cellent soils and a stimulating climate, but land in grain is devoted to com at a given 
also, especially in its eastern portions, a re- time. Wheat and oats, nitrogen-bringing 
gion with a w^ealth of mineral resources, crops such as soybeans or clover, and other 
Nature placed coal, petroleum, natural^gas, forage crops all hold prominent places in 



CouHay Soil Consrriatum Service 

Harvesting corn by modern corn picker m Cibson (a)unly. 111 

and water power in and about this agricul- the agricultural scheme. Most corn farm- 
tiiral region. These are basic materials of ers are also hc^and cattle farmers. Sur- 
industry. The result is a rural landscape veys have'^Hbwn that 80 to 85 per cent of 
of large, productive farms, dotted with in- the cropland is used to produce feed for 
dustrial cities, from metropolitan size like farm animals. A large percentage of the 
Chicago and St. Louis, down to small cen- corn is fed to livestock without leaving the 
ters, such as Muncie, Indiana, or Moline, farm of origin. Furthermore, large num- 
Illinois. The cheap food supply, central bers of cattle from the drier plains west of 
location, and excellent transportation facili- the Corn Belt are shipped in for fattening 
ties are other factors favoririg manufac- before going to market as finished beef, 
hiring. These conditions have made the Corn Belt 

Although the term “Corn Belt'' is gen- the hog, cattle, and poultry belt as well. 
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They have also led to the establishment of 
numerous meat-packing plants in and about 
the region, the greatest centers being Chi- 
cago, Omaha, Kansas City, St. Paul, and St. 
Louis. 

Important types of corn. At the outset 
of this discussion the cosmopolitan char- 
acter of com was pointed out. There are 
hundreds of varieties of this New World 
cereal. Some mature in 90 days or less 
from time of planting, while others re- 

3 Hire more than twice as long. Some are 
rought-tolerant, others require great quan- 
tities of moisture. Some do well on low- 
lands, others are best adapted to higher 
altitudes. Many are varieties of deni com 
(so named because the top of the kernel 
collapses slightly during the ripening proc- 
ess). These find their most favorable 
natural conditions in the American Com 
Belt. The latest great improx^ement in 
corn has been the production of hybrids 
with higher and more dependable yields 
than ordinary open-pollinated corn. In 
1937, about 8 per c‘ent of United States c*orn 
acreage was planted in hybrid; by 1938, 
Iowa passed the 50 per cent mark; by 1940, 
the entire Com Belt passed the 50 per cent 
mark; and in 1946 Iowa plantings were 100 
per cent hybrid, the Com Belt, 91 per cent, 
and the United States, 67.5 per cent. 

Flint corn, a hard, smooth type of com, 
is less used than dent, though it is common 
in the Southwest and Mexico. Popcorn is 
one variety of flint corn. 

Corn in Argentina. Argentina produc^es 
less com than does the state of Iowa, yet 
it leads all countries in quantities exported. 
The corn-growing area centers around the 
lower Parana region, mostly south and west 
of the river; lack of adequate transporta- 
tion facilities and social factors have re- 
tarded its expansion into suitable lands lo- 
cated northeastward. The broad expanse 
of flat land in the Pampa is well suited to 
corn production by power methods. There 
are no trees or boulders to clear away and 
the soil is fertile and easily tilled (Ilhis. p. 
88 ). 


Climatically, the Argentine corn belt is 
not quite so highly favored as is that of the 
United States. While the annual rainfall 
averages only slightly lower, its distribution 
is less favorable and the danger of drought 
is greater. Not infrequently considerable 
rain falls during the picking season, thus in- 
terfering with the harvest and causing de- 
terioration in quality. The winters are less 
cold and storage is more difficult. Trans- 
portation facilities and facilities for farm 
storage are inadequate in some of the corn- 
producing sections. This inadecjuacy mul- 
tiplies the heavy losses through spoiling 
when rainv periods occur during the har- 
ve.sting and mark(‘ting seasons. 

Insect pests constitute another handicap 
to com pioductioii in Argentina. North- 
west of the grain country is a stretch of 
semiarid shnib- and bushland which serves 
as a vast incubator for locusts and other 
insects. When tlu»ir numbers become ex- 
ceptionally large, and the food supply of 
their native habitat proves to be inade- 
quate, they sweep southeastward and least 
on the grainfields of the Pampa. On such 
occasions the corn crop siufcrs heavily. 
The net (*ffect of the various adverse factors 
is a .striking fluctuation in corn production 
from year to year, at times amounting to 
over 400 per cent. 

Argentina has, however, the advantage of 
producing the exportable surplus near the 
sea. Nearly all of the com sold c‘omes from 
within 200 miles of tidewater, and transpor- 
tation costs therefore are low. The coun- 
tries of northwest Europe are the chief buy- 
ers of Argentine corn. It is used there as 
feed for poultry and dairy cattle, and the 
small-kemeled flint wm is preferred. The 
.small, dcn.se, dry kernels of this type of c*om 
with a)iicentrated food value are best 
suited to shipping, too. 

A major reason for the importance of Ar- 
gentina as a corn-exporting country has 
been the lack of development of a hog- 
raising industry. Now that Argentinians 
have turned toward scientific improvement 
of their beef cattle and are finishing them 
into higher quality for the market, hog pro- 
duction is increasing, as hogs eat some feed 
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wasted by cattle, and thus can be raised 
profitably along with the cattle. With con- 
tinued and increasing attention to higher- 
(juality beef production and with expan- 
sion of the swine industry, the local mar- 
kets may be expected to absorb more coni. 
In normal years, more than three-fourths of 
the coni grown in the Argentine com belt 
is exported. Expansion northwestward of 
the c*orn area is unlikely: the lesser rainfall 
there is more favorable for wheat than tor 
corn. However, there are possibilities of 
ea.stward expansion into the Argentine 
Mesopotamia between the Parana and Uru- 
guay rivers. 

Corn in Europe, The corn belt of Eu- 
rope lies just north of the summer-dry Med- 
iterranean area and south of the cool west 
cciast marine area. The chief centers of 
production are the valleys of the middle 
and lower Danube and of the Po River, 
and southwestern Russia up to the Sea of 
Azov (Ulus, p, 237). Chief producing 
countries are Romania, Russia, Yugoslavia, 
Italy, and Hungary. Northern Spain and 
Portugal and southwestern and central 
France also have moderate com production. 
On the fertile lowlands, wheat and other 
cereals are raised nearly as much as corn, but 
on rough steep lands corn has great prepon- 
derance over other grains. Within this area 
com is used as food for man and livestock. 
There, as in parts of the United States, the 
dependenc‘e upon it as a food is a criterion 
of the wealth of the consumer. Obviously 
the poorer mountaineers there, as in the 
southern Appalachians, use com as their 
chief breadstuff, and in many cases use it 
also in the form of a strong liquor. 

Although the middle and lower Danube 
plains are considered to be the very heart 
of the corn belt of Europe, production per 
acre averages low. In Romania and Rus- 
sia, the two countries leading in produc- 
tion, the average yields per acre are only 
about 60 per cent of the average in the 
United States. The use of relatively poor 
slope lands or rather dry lands for com 
production is of course an important factor 
in these results, but also cultural methods 


are to blame. In the Hungarian Basin, 
yields both in Hungary and Yugoslavia gen- 
erally come up to the American average, 
while in Italy com yields usually exceed 
this average. The entire area has the ad- 
vantage of nearness to large European mar- 
kets, and exports heavily to near-by coun- 
tries. 

Other corn regions. Com production is 
of considerable importanc*e in China, Brazil, 
India, the Netherlands Indies, Mexic*o, 
Egypt, Manchuria, and South Africa, but 
ill all these countries, as well as in iiuiner- 
ous ones of lesser production, most of the 
corn is consumed locally. The Union of 
South Africa, the Netherlands Indies, and 
Freneh Indochina are among the minor 
('xporters. 

Though widely cultivated as a local sub- 
sistence crop, corn has restricted limits as a 
commercial crop. Long, warm summers 
with c*onsiderable rainfall, followed by 
autumns of little rain and winters severely 
cKild, arc the optimum climatic conditions. 
Where these are combined with large areas 
of productive land in conjunction with 
great markets for meat, c*orn comes iiito its 
own as the king of crops. 

Oats 

Oats constitutes one of the largest of the 
world's grain crops, the total production 
averaging more than 4} billion bushels 
yearly, c'ompared with over 5 billion each 
for wheat and com. But measured in 
pounds this is equivalent to less than 1\ 
million bushels of wheat, since a bushel of 
oats weighs but 32 pounds, whereas a 
bushel of com weighs 56, and of wheat 60 
pounds. Oats is used widely as food for 
humans and as feed for animals, particu- 
larly for horses. The plant is hardy and 
tolerant of a wide range of soil and climatic 
conditions, but is most extensively grown 
where moisture is relatively abundant, tem- 
peratures cool, and growing seasons com- 
paratively short. The tolerance of oats 
for cool moist summers accounts for its 
prominence in northwest Europe, where it 
c'ompetes successfully with both wheat and 
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rye. In the United States its adaptability is 
shown in its wide distribution; in the south 
it is occasionally rotated with aim and 
cotton, and in the north-central states it is 
rotated with com, wheat, and tame hay, 
often replacing wheat, as in the northern 
Com Belt. Kherson oats, a drought-toler- 
ant variety, is grown in the Great Plains; 
moisture-loving varieties from Scotland and 
other North Sea countries are produced in 
the humid northeastern states. 

Production and distribution. The three 
chief centers of world production are: (1) 
northern United States and southern Can- 
ada; (2) northwestern Europe; and (3) 
central and eastern Russia. In all these 
areas oats thrives under the diverse climatic 
and soil conditions and fits well into the 
agricultural practices. It provides both 
grain and forage feed, and the labor d(;- 
mands for planting and har\Tstiiig c*onflict 
little with those of wheat or cxmi. 

The United States contributes about one- 
fourth of the world oat production; Russia, 
one-fourth; Canada, Germany, and France, 
each one-twelfth to one-tenth. Within the 
United States, oats reaches its maximum 
production in the northern part of the Com 
Belt and beyond, extending northwestward 
into the spring-wheat region of Minnesota 
and the Dakotas, though in the Corn Belt 
soybeans are tending to replace it. The 
states leading in production are Iowa, 
Minnesota, and Illinois, the production of 
each generally ranging from 100 to 225 mil- 
lion bushels per year. In oats, as in corn, 
Iowa easily holds first place. 

Although production is Widely distrib- 
uted in the humid intermediate countries 
where horses provide the power, interna- 
tional trade in oats is small. Ordinarily 
only 2 to 3 per cent of the world’s crop 
enters the channels of international trade. 
The value of the straw for feed and the 
bulkiness of the grain militate against trans- 
portation and promote local production. 
Oats, therefore, has its chief markets near 
the districts where it is grown. Mills for 
preparation of breakfast cereals are impor- 
tant in this regard. 


Barley 

Barley was among the earliest cultivated 
cereals. Grains of the six-rowed species, 
believed to date back to predynastic pe- 
riods, have been discovered in Egypt. For 
untold centuries barley has been the cereal 
depended upon by people who live near 
the desert's edge. 

Uses and qualities. Barley ranks high 
in food value, but as a breadstuff it has 
failed to win high favor because its gluten 
content is too low for the making of soft, 
light bread. It is, however, widely used 
for soups, porridge, and specially prepared 
foods for babies and invalids. In case of 
wheat shortage the use of barley offers a 
practical avenue of escape from a bread 
famine. 

Barley is used extensively for making 
malt. For this purpose the grain should be 
plump, thin skinned, of pale color, and of 
high germinating quality. It should be 
rich in starch and relatively low in protein 
content. The c'olor should be clear and 
uniform, because discoloration precludes its 
use in the making of malt to be used in the 
manufacture of beer, ale, or whisky. 

Generally the chief u.se of barley is as a 
feed for domestic animals. Unlike oats, 
the straw has little value for feed and there- 
fore is used chiefly for litter. The grain, 
however, makes good stock feed and yields 
50 per cent more per acre than does wheat. 
It is in high favor as a forage crop for hogs, 
cattle, and horses, partic*ularly where com 
c'annot be grown. In countries having 
winter rain and summer drought, as in Cali- 
fornia and Australia, it is often cut before 
the grain is mature, in order to use the 
whole plant as hay. Cured at this stage 
it makes an excellent fodder crop. 

Range and centers of production. Bar- 
ley can endure a wider range of temper- 
ature than can any other cereal. Because 
of its ability to ripen during a short grow- 
ing season, it grows within me Arctic Circle 
in northern Sweden, Finland, and Russia. 
It is grown at altitudes varying from sea 
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level to 14,000 feet and constitutes, for ex- 
ample, the principal grain crop on the high 
plateaus of Bolivia and Tibet. It is much 
more drought-tolerant than wheat and is 
therefore important in dry subtropical and 
tropical areas such as northern Africa and 
India, but it cannot stand as much rain as 
can wheat. While it is grown extensively 
in all countries of intermediate climate, it is 
the principal grain only where climatic 
conditions are unfavorable for wheat or rye, 
as at the edge of the deserts, near the cold 
limits of agriculture, and at high altitudes. 

Among the continents, Europe holds first 
rank in barley production; the Soviet 
Union, Germany, Spain, and Poland arc 
there the largest producers. The major 
centers outside Europe are China, India, 
northern Africa, Japan, Turkey, and north- 
central United States. China leads world 
production, the Soviet Union is second, and 
the United States is third. 

International trade. International trade 
in barley is much more extensive than in 
either rye or oats. During the past decade 
6 to 10 per cent of the world crop has en- 
tered export trade, the principal exporting 
countries being Romania, the Soviet Union, 
Canada, and Argentina, The principal im- 
porting countries are located in northwest 
Europe, where there are large demands for 
barley to be used for malt and for feedstuffs 
for dairy cattle. The importers, in order of 
volume, are the United Kingdom, Belgium, 
the Netherlands, and Germany. 

Soybeans 

The soybean bids fair to become an im- 
portant crop in most humid middle-latitude 
climates. At present it is produced on a 
large scale only on the fertile tewlands be- 
tween the Yangtze River delta and the 
Hwang Ho, in Shantung, in the Manchu- 
rian Plain, and in the Com Belt of the 
United States. Botanically it is character- 
ized by a large number of varieties, each of 
which is adapted to certain conditions of 
climate and soil. The length of the grow- 
ing season required by these numerous 


varieties may range from less than three to 
more than six months. This flexibility 
makes the production of soybeans possible 
from Java to Northern Manchuria. 

The bean is valuable as a food and a feed 
because of its high content of proteins 
and fats. In China and Japan soybeans are 
used for human consumption in many 
forms: sprouts, fresh or dried beans, meal 
for making noodles and other dishes, a 
chceselike substance (the so-called bean 
curd), various sauces, and a source for the 
extraction of oil and the manufacture of 
bean cake. 

Commercial importance. Commer- 
cially soybeans are most important for oil 
and for bean cake. The Manchurian Plain, 
at one time the principal producer, still is 
the main exportt'r. The oil is suitable for 
many industrial purposes, especially for the 
manufacture of oleomargarine, vegetable 
cooking compounds, paint, and soap. The 
residue, soybean meal, is pressed into 
cakes, and because of its high piotein con- 
tent it is valued as a feed and a nitrogenous 
fertilizer. In the United Kingdom^ the 
Netherlands, and Denmark it is used exten- 
sively as a supplementary feed f(ft dairy 
cattle, while Japan imports large quantities 
to serve as fertilizer on its rice fields and 
mulberry plantations. 

The striking rise of soybean production 
in the United States Corn Belt, particularly 
during World War II, has placed this coun- 
try ahead of Manchuria and about on a 
level with China, as a leader of world 
production (Ulus. p. 245). Soybean has 
caught up with cottonseed as the leading 
source of vegetable oil for margarine and 
cooking in the United States and far ex- 
ceeds imported palm and coconut oils. 
The residual meal is an important cattle 
feed. The beans are raised in largest 
amounts in Illinois, Iowa, Indiana, and 
Ohio. 

Sugar Beets 

(About one-third of the world s produc- 
tion of sugar is derived from sugar beets, a 
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crop which can be grown successfully only 
in intermediate climatic regions, where the 
summers are neither too hot nor too humid, 
and where the growing season is at least 
130 days long. ‘ , 

Extraction of sugar from the beets re- 
quires the use of large and expensive fac- 
tories. Thus, the sugar beet is a strictly 
commercial crop which must be sold to a 
near-by plant. Much sugar cane, on the 
other hand, is raised both for home eon- 
sumption and for commercial purposes. 

Climatic requirements. The sugar beet 
has rather exacting requirements of cli- 
mate and especially of soil. Summer tem- 
peratures should be moderate. In the 


of beet sugar. Beets are grown in nearly 
all European countries, but their cultivation 
is successful only on the most fertile soils, 
as, for example, on the loessal soils of north- 
ern France and Belgium, the Magdeburg 
district in Germany, Bohemia and Moravia 
in Czechoslovakia, and on the rich, black 
soils of the Ukraine in Russia. The coun- 
tries leading in production of beet sugar in 
Europe are Russia, Germany, France, Po- 
land, and Czechoslovakia. 

In the United States, the cultivation of 
sugar beets is limited to the best glacial 
silt and clay loams east of the Mississippi 
and the unleached pedocalic soils of the 
semiarid regions farther west. Whereas in 
Europe the bulk of the crop is grown on 



Unitc'd States it has been found that, in the 
regions most favorable for the cultivation 
of sugar beets, hot spells are rare and the 
average temperatures of the summer 
months (June, July, and August) do not 
depart much from 70°F. The supply of 
moisture must be ample, but'a cool, dry pe- 
riod immediately preceding and during the 
harvest is essential for a high yield of sugar. 
The soil should be not only fertile but also 
deep and fQj^ihJo in order to allow the un- 
hampered gro>\^h of the beet. 

Principal beet-growing districts. Only 
Europe and North America have the ideal 
combination of physical and economic fac- 
tors leading to important production of 
sugar beets. Europe accounts for more 
than 85 per cent of the world production 


nonirrigated land, in the United States the 
most important producing regions, with the 
exception of eastern Michigan and north- 
western Ohio, are all under irrigation. “I^The 
principal sugar-beet districts are the irri- 
gated valleys of the Great Plains from 
Montana to southern Colorado, the Snake 
River Valley in Idaho, the Great Salt Lake 
Basin of Utah, and the Great Valley and 
southern coastal plain of California. Colo- 
rado and California usually are the largest 
producers (Ulus. p. 246). 

An intensive culture. The sugar beet is 
particularly well adapted to a system of in- 
tensive agriculture as practiced in most of 
Europe, since it requires deep plowing 
and careful tillage, the application of much 
manure and fertilizer, and the use of a large 
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amount of cheap hand labor in thinning 
and weeding. In the United States, much 
of the labor is performed by Mexican immi- 
grants. The by-products of the industry, 
beet tops and pulp, can be used to advan- 
tage in fattening cattle. 

Beet sugar versus cane sugar. Since 
the yield of beet sugar per acre is generally 
lower than that of cane sugar, and the cost 
of production is much higher, almost all 
beet-producing C'ountries protect their in- 


torial belt to the northern part of the middle 
latitudes: from Ecuador and Sumatra to 
southern Sweden and Canada. Obviously, 
tobacco is less dependent than are many 
other crops upon special conditions of tem- 
perature or length of growing season. 
However, the tobacc*o plant is a native of 
Mexico, Central America, and Brazil, and 
prefers considerable warmth and moisture; 
it does not thrive in a semiarid environment 
unless irrigated. Most of the major pro- 
ducing districts hav(* developed in the 



dustry by means of tarifls against the c'om- 
petition of tropical sugar. Less beet sugar 
than cane sugar enters international trade. 
The principal exporters of beet sugar are 
Czechoslovakia, Poland, Germany, Bel- 
gium, and Hungary. 

Tobacco 

Tobacco is truly a cosmopolitan crop, in 
regard to its consumption as well as its pro- 
duction. In some form or other it is used 
by practically all peoples of the world, and 
its adaptability to climatic conditions is 
such that it can be grown from the equa- 


southern part of the middle latitudes and 
along the northeni margin of the tropics. 
Since the world’s greatest commercial pro- 
duction is concentrated in the United States 
immediately north of the Cotton Belt, it 
appears justifiable to treat the tobacco in- 
dustry in connection with the middle lati- 
tudes (Ulus. p. 247). 

The influence of soils. The geographic 
distribution of tobacco is influenced by soil 
rather than climate. The tobacco plant, 
esteemed for the flavor and aroma of its 
leaf, is like the wine grape, highly sensitive 
to slight differences in soil. The exact 





Principal tobacco growing regions of the world and trade in tobacco. 
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properties of soil that affect the quality of 
the leaf are not well known, but experience 
has taught that some areas are better suited 
to tobacco than are others. As a result of 
this circumstance and of the economic in- 
ertia caused by established taste and pur- 
chasing habits, tobacco shows a spotted dis- 
tribution notwithstanding its wide climatic 
range. Certain types of tobacco are rigidly 
bound to certain areas, and much of the 
tobacco of the world is sold on place-name 
specifications, as, for example, Maryland 


cured, and flue-cured. Air-cured tobaccos 
are treated in well-ventilated barns with- 
out the use of artificial heat. Fire curing 
takes place in bams about three to five 
days after the leaves have been hung. 
Open fires are made on the floor of the barn 
and kept burning for several days. The 
smoke of these fires affects the tobacco and 
gives to it a characteristic odor and taste. 
In flue curing, the heat and smoke are cir- 
culated through the curing house in large 
pipes or flues and do not come into direct 
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Bunches of tobacco lc<if can be seen through tla* (jpeu doors. 


Tobacco drying shed in Connecticut Viilley. 

pipe tobacco, Virginia cigarette tobacco, or 
Deli cigar wrapper. It is interesting to 
note that an important center of Indian 
tobacco raising was located in Kentucky 
and Tennessee, an area which now is one of 
the principal producing districts of the 
world. 

Curing of tobacco. The quality of the 
final product and, therefore, the uses to 
which the tobacco can be put are affected 
not only by soil, climate, and variety, but 
also by the mode of curing the leaf. In 
this country the trade recognizes three 
well-known classes based upon the methods 
used in curing the leaf; air-cured, fire- 


contact with the leaves. A rather light 
colored tobacco results from this process. 

Tobacco in the United States, Flue- 
cured tobaccos are grown on the light, loamy 
soils of the Piedmont region of North Caro- 
lina and southern Virginia and on the sandy 
soils of the Atlantic Coastal Plain of eastern 
North Carolina, South Carolina, Georgia, 
and northern Florida. Most of the flue- 
cured tobaccos are used in the manufacture 
of cigarettes. The development of the 
tobacco industry in these regions well illus- 
trates how agriculture may be affected pro- 
foundly by changes in habits of consumption. 
The increase in the demand for cigarette to- 
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bacco has led to a great expansion of the 
acreage of flue-cured tobaccos, adding in 
relatively recent times the state of Georgia 
to the list of tobacco producers, and greatly 
enhancing the importance of the North 
Carolina and Virginia tobacco industry, 
which centers around Durham and Win- 
ston-Salem. 

Fire-curcd tobacco is produced in the 
Piedmont of central Virginia and in the 
extreme western parts of Kentucky and 
adjacent Tennessee in the so-called “black 
patch.” Its use is relatively limited, and 
the acreage is slowly decreasing. 

Among the air-emred types the Burley 
tobaccos of the Kentucky Blue Grass re- 
gion and near-by areas stand first. These 
tobaccos are in demand primarily for pipe 
tobacco, but also for cigarettes. The darker 
and thicker leaves arc used for the former, 
the lighter and thinner types for the latter. 
In the outlying districts of this area, in 
Indiana, Ohio, and West Virginia, a de- 
crease in acreage is noticeable. In the 
southern part, however, the acreage is ex- 
panding. 

Tobaccos used in cigar manufacture are 
also included in the air-cured group. In 
the United States the quantities involved 
are much smaller than are those of the 
cigarette and pipe tobaccos. The areas of 
production are comparatively small and are 
scattered through the states farther to the 
north, — ^Wisconsin, Pennsylvania, and Con- 
necticut being the leading producers. The 
most interesting feature of this aspect of 
the tobacco industry is the growing of cigar 
wrappers in the valley of the Connecticut 
River and in Florida. P'or this purpose 
the leaves need to be thin, light colored, 
and large. Therefore, the plants often are 
grown under artificial shade of cheesecloth 
or laths. Connecticut Valley shade-grown 
cigar-wrapper tobacco sells for about ten 
times as much per pound as does dark air- 
cured tobacco, and about five times as much 
as flue-cured (Ulus. p. 248). 

Tobacco in Europe, In Europe much 
tobacco is grown locally, partly bcc‘ause in 
many countries the manufacture and sale of 
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tobacco products has been made a state 
monopoly for revenue purposes. In the 
United Kingdom, tobacco raising is pro- 
hibited so that state control can be most 
effective. From a commercial point of 
view the principal producing regions lie in 
Greece, Bulgaria, and Turkey. There are 
grown the famous Oriental or “Turkish” 
tobacc'os, especially prized for the manu- 
facture of cigarettes. Among the best 
known are the tobaccos of Cavalla and 
Xanthe, grown on the north shores of the 
Aegean Sea (Ulus. p. 247). 

Other tobacco-producing centers, 
China and India are by far the largest pro- 
duct's in Asia, ranking in acreage and pro- 
duction next to the United States. Most of 
the tobacco, however, is c'onsumed locally; 
only relatively small (juantities of inferior 
quality reach world markets. 

The Netherlands Indies rank next to the 
United States in commercial importance. 
In Sumatra, some of the choicest wrapper 
tobaccos of the world are grown on estates 
under European management, located on 
the fertile volcanic soils of the Deli region, 
where western initiative and eastern labor 
have transformed a tropical jungle into a 
flourishing agricultural district. The east- 
ern half of Java also produces much cigar 
tobacco, partly on estates, partly on native 
lands. 

The Philippines have long been famous 
for their excellent cigar tobaccos, “Manila” 
cigars are known the world over. The best 
tobacco, nearly all of cigar-leaf grade, is 
grown in the wide valley of the Cagayan 
River in northern Luzon. 

The most valuable cigar tobaccos are 
grown in Cuba, Havana cigars being gen- 
erally accepted as the world’s best. The 
highest grade tobacco is grown in the 
Vuelta district of westernmost Cuba and in 
adjoining areas. Most of the crop is raised 
under protecting cheesecloth by a large 
number of small farmers. 

Other important centers of tobacco culti- 
vation are found in the states of Bahia and 
Rio Grande do Sul of Brazil, the former 
is well known as a center for producing 
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tobaccos for cigar manufacture, the latter 
primarily for cigarettes. 

Tobacco in international trade. The 
United States is the world's principal ex- 
porter of tobacco and tobacco products, in 
normal years sending more than two-fifths 
of its production abroad, mostly to Europe 
( Ulus. p. 247). At the same time the United 
States imports (although in much smaller 
quantities, usually not more than 6 per cent 
of the domestic production) such types of 
tobacco as it cannot grow within its own 
borders. 

The “Turkish” tobaccos of the eastern 
Mediterranean arc exported mostly to west- 
ern Europe and the United States. Nearly 
all the export tobacco of the Netherlands 
Indies is shipped to Amsterdam, where it is 
sorted and made ready for the auctions. A 
large percentage of these tobaccos of the 
finest quality reaches the United States. 
The Cuban exports, both cigars and leaf 
tobacco, go chiefly to the United States; the 
leaf is used in the extensive cigar-making 
industry at Tampa, Florida. The Philip- 
pine exports likewise consist of both cigars 
and leaf tobacco, for which the principal 
markets are found in the United States, 
Europe, and the neighboring Far Eastern 
countries. 

The tobacco industry furnishes an excel- 
lent example of the great desirability and 
often the necessity of unhampered world 
trade. The differences in quality of 
tobaccos grown in various parts of the 
world naturally invite exchange, espe- 
cially since extensive blending is practiced 
in both the cigarette and cigar industries. 
The United States, as the principal ex- 
porter, has probably the greatest stake in 
the maintenance and further development 
of the international trade in tobacco. 

Flaxseed and Flax Fiber 

III former times flax and wool were the 
principal materials used for the manufac- 
ture of clothing in all regions of temperate 
climate. Flax fiber lost much of its impor- 
tance with the advent of cotton, and at 


present most of the flax of the world is of 
the variety which serves primarily for the 
production of seed, and which does not pro- 
duce a fiber suitable for linen. 

Flaxseed can be produced under greatly 
varying climatic conditions, but it generally 
does best on soils that have just been placed 
imder cultivation. Large seed-producing 
regions are the Pampa district of Argentina 
and Uruguay, the states of North Dakota, 
South Dakota, Minnesota, and Montana, 
the Prairie Provinces ol Canada, and India 
and Soviet Russia. Linseed oil, the oil of 
the flaxseed, is used extensively in the 
manufacture of paints and other products, 
and linseed cake is an important stock feed. 
Argentina and India are the only large ex- 
porters of linseed. The principal import- 
ing countries are the United States, the 
Netherlands, Germany, the United King- 
dom, and France. The only important 
exporter of linseed oil is the Netherlands. 

Fiber flax. Flax produced for seed can 
stand rather high summer temperatures and 
even conditions of drought, but the produc- 
tion of fiber flax is carried on mostly in cool 
and humid regions. Practically all the 
fiber flax of the world is grown iif Europe, 
where Russia is the principal produc*er. 
The bulk of the flax is raised in a belt be- 
tween the region of black soils of the south 
and the coniferous forest of the north. 

International trade in flax fiber is of rela- 
tively little importance. Much flax is still 
used for home consumption in Poland and 
Russia, but the best known centers of mod- 
em manufacture of linen are in Belgium, 
northern France, and the Belfast district of 
Ireland. Russia is the principal exporter. 

Livestock 

In nearly all lands domestic animals play 
an essential role in agricultural activities. 
This is true not only of agriculture as prac- 
ticed in the more progressive countries, but 
also of the simple types of farming which 
still prevail in many parts of the world, 
The peasants of southeast Asia depend 
upon the water buffalo for the preparation 
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of their rice fields, and the Negro farmers 
of the Sudan use the ox or the donkey 
wherever possible. Often the raising of 
domestic animals, even among primitive 
peoples, becomes an aim in itself. The 
Negroes of th(* east African plateaus con- 
sider a large herd of cattle as a tremendous 
social asset, while in parts of the far north, 
for example in Lapland, the entire eco- 
nomic life of th(' people may revolve 
around the r('indeer herd. Domestic ani- 
mals are often indispensable for purposes 
of transportation. In the tropics, where 
good roads and railroads are few, domestic 
animals, though little used for other pur- 
oses, are essential as draft animals or as 
easts of burden. In the great tropical 
desert areas th(' camel is still the jnincipal 
carrier of freight and passengers, although 
in some regions the autobus and caterpillar 
truck are becoming .serious coinpc'titors. 

The animal industries are b(‘st developed 
in the regions of intc'rnu'diate climates. 
These* r(*gions produce the principal sur- 
pluses of animal products, and h(*re hor,ses, 
cattle, hogs, sheep, and poultry are of great 
importance in the agricultural scheme. In 
the polar regions the reindeer is the only 
domesticated source of food, and in the 
tropical latitudes th<* animal industries arc 
handicapped by the nutritive deficient 
coarse grasses and by the numerous animal 
pests and diseases that abound in the warm, 
humid environment. 

Horses 

Domestic animals arc kept for three ma- 
jor purposes: to provide men with food, 
material for clothing, and a source of 
power. The horse is without a peer for 
the latter purpose, and therefore through- 
out the centuries it has been the principal 
beast of draft and burden available to man. 
Although originally animals of the semi- 
arid grasslands, they are now—because of 
their close association with tillage agricul- 
ture — most numerous in the regions of 
humid intermediate types of climate, espe- 
cially in Europe and North America. 


Distribution. The horse is not w(*ll 
adapted to warm humid climates. Where 
environmental conditions are unfavorable 
for horses their role is often taken over by 
other animals, as, for example, cattle in 
tropical India, camels in desert regions, 
llamas or yaks in tlie high mountains, and 
reindeer and dogs in polar areas. Even in 
the subtropics horses do not flourish. In 
the southea.stern United Slates and in the 
c'ountries around th(' Mediterranean, inul(*s 
and donkeys are more numerous than 
horses. 

Ik'cause of their efficiency as draft ani- 
mals, horses have been essential to success- 
ful agriculture in the middle latitudes, and 
therefore, notwithstanding rapid mechani- 
zation of farming in some regions, most of 
the horses of the world are still found in 
the humid intermediate regions ol Europe 
and North America. Horses have but 
slight importance as a source of meat or 
milk, except among a few nomadic peoples, 
such as the Kirghiz, where the milk plays 
an important role in the diet. Sinc(* they 
enter but slightly into national or intenia- 
tional trade, they involve fewer phases ol 
economic geography than do cattle, swine, 
sheep, or poultry, whose produc*ts furni.sh 
a great vari(*ty of commercial commodities. 

Cattle 

Two principal species comprise the bulk 
of the world’s cattle: the taurine cattle {Bos 
tourus) and the zebu or humpbacked cattle 
{Bos indicus). The latter do well in the 
all-year-warm climates. Not only are they 
tolerant of high temperatures and great hu- 
midity, but also they are able to thrive on 
coarse forage; therefore they are raised in 
areas of seasonal droughts. In most regions 
no selection is practiced in breeding, and 
thus, as a whole, they are of limited value 
as beef or milk producers. However, they 
make strong draft animals. Their resist- 
ance to disease in their areas of occurrence 
is much greater than is that of taurine cat- 
tle, a characteristic particularly important 
in tropical regions where parasitic insects 
and microorganisms flourish. In southern 
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United States, especially in parts of Texas, 
zebus have been crossed with taurine cattle. 
The resulting breed has proved to be a 
fairly good beef animal which successfully 
resists the diseases carried by ticks and 
which can subsist on coarse forage. 

In the low rice-growing districts of south- 
ern Asia the water buffalo (Buffalo asiati- 
cus) is the principal domestic animal. It 
is thoroughly at home in a swampy environ- 
ment, requires a daily bath, and likes to 
spend hours in the water with only its head 
and horns protruding. The water buffalo 
is neither a good beef animal nor a good 
milk producer, but its great strength makes 
it valuable for the laborious process of pre- 
paring the wet rice fields. 

The taurine group, which includes a 
great variety of breeds, is best adapted to 
areas where mild to cold winters alternate 
with cool to warm summers. These are 
raised mainly in the middle latitudes. 

Cattle raising. In many parts of the in- 
termediate regions, and particularly in Eu- 
rope, the raising of beef cattle, and often 
even small-scale dairying, is generally not 
a separate enterprise, but is integrated with 
a system of diversified tillage agriculture. 
The cattle consume those products which 
must be raised in the system of rotation but 
which are unfit for direct human c*onsump- 
tion, such as legumes, grasses, and root 
crops. Their milk and meat are valuable 
farm products, while the fertility of the 
cropland is maintained partly with the aid 
of the animal manure. However, there are 
a number of regions in Europe where all 
other farm activities are subordinate to 
the production of milk. 

Elsewhere, as in the Rio de la Plata re- 
gion or in the American Corn Belt, the rais- 
ing and fattening of cattle may be the prin- 
cipal aim of the farmer. In this case, till- 
age agriculture is carried on mainly for the 
purpose of producing feedstuffs such as 
coni and alfalfa, and the cattle convert 
these into commodities of higher value, 
such as steaks and roasts. 

In still other regions, especially in the 
semiarid and arid lands, tillage agriculture 


is of little importance and the natural vege- 
tation, which consists mostly of short or 
bunch grasses, provides the basis of an ex- 
tensive type of cattle industry. In such 
areas, summer droughts often compel cither 
the use of supplementary feed grown on 
irrigated land or migratory movements of 
the herds from winter quarters in low, 
snow-free plains to moist mountain pastures 
in summer. 

The principal centers of cattle produc- 
tion are in the middle latitudes of Europe 
and North America. Important producing 
districts are also found in Argentina, Uni- 
guay, Brazil, the Union of South Africa, and 
New Zealand. India has the world’s great- 
est cattle population (including biiflaloes) 
followed successively by the United States, 
Brazil, and the Soviet Union. 

In some of these regions cattle are raised 
primarily for beef, while in others milk and 
milk products are of chief importanc'C'. 
Both the beef and the dairy industries fig- 
ure prominently in national as well as in- 
ternational trade. 

Among taurine cattle certain breeds are 
most valuable as m(‘at producers, whereas 
others rank as better dairy animals. Im- 
portant beef breeds include the Shorthorns, 
Aberdeen Angus, and Herefords, while* the 
dairy industry is based largely upon the 
Frisian-IIol steins, Jerseys, Guernseys, and 
Ayrshires. 

The beef industry. The United States. 
The raising of beef cattle is very important 
in the part of the Corn Belt west of Chi- 
cago. Large numbers of beef cattle are 
raised also on the farms and ranches in the 
Great Plains from Montana to Texas as well 
as in the valleys and on the mountain slopes 
to the westward. In the Com Belt not only 
are large numbers raised locally, but ad- 
ditional c*attle are shipped in from the 
regions farther west. These so-called "feed- 
ers” are finished for the markets on corn (II- 
lus. p. 253). All through the Corn Belt, feed 
lots are characteristic features of the farms, 
particularly near the great meat-packing 
centers, which are, in the approximate order 
of their importance, Chicago, Omaha, Kan- 
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sas City, St. Paul and St. Louis. Smaller but 
still important centers are Sioux City, St. 
Joseph, Indianapolis, Fort Worth, Milwau- 
kee, Denver, and Oklahoma City. These 
markets furnish the bulk (^f the meat sup- 
plies for the densely populated industrial 
districts farther east. Exports of beef and 
beef products from the United States are 
not large, the trade with Hawaii, Puerto 


important asset. At present the produc- 
tion of high-grade beef in Argentina is to a 
large extent dependent upon the growing of 
alfalfa, which occupies an acreage only 
slightly smaller than that of wheat, and 
forms a valuable complement to the native 
grasses of the region. Because of their 
small populations, Argentina and Uruguay 
have large surpluses of animal products. 



Courtcsif Sot? Conservatum Service 

A feed yard on a farm near Pilger, Stanton County, Nel)raska 'I’lie photograph shows part of a herd of 
1,000 beef cattle that were being fattened for the market. 


Rico, and Alaska surpassing that with for- 
eign countries. 

South America. In both Argentina 
and Uruguay the beef industry is a domi- 
nating factor in the economic life. Origi- 
nally the development of the cattle industry 
was favored by the enormous landholdings 
and by the nutritious grasses of the Pampa. 
The mild winters, which make grazing pos- 
sible throughout the year, proved to be an 


Some of the low-grade beef, especially that 
from the neighboring Chaco, is made into 
meat extract and other products, but most 
of the beef prepared in the packing houses, 
or frigorificos, is high grade and is shipped 
in chilled or sometimes frozen condition to 
the great centers of consumption of western 
and southern Europe. 

Australia. In Australia, the beef in- 
dustry centers in the open forests and 
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prairies of eastern Queensland. From 
there it extends southward into iiortheast- 
(*rn New South Wales and northward onto 
the sandy grasslands of the northern terri- 
tory and adjacent portions of western Aus- 
tralia. Density of cattle is greatest in the 
region of the so-called Queensland Downs. 
Australia is sparsely populated and has a 
large surplus of animal products available 
for export. The countr)% however, was 
greatly handicapped by its (listanc*(' from 
the principal centers of consumption in 
Europ(‘. Much of the meat was .shipped 
frozen, because of the long voyage through 
the tropi(‘S, and brought appreciably lower 
prices than the chilled beef from the Rio de 
la Plata countries. In recent years, how- 
ever, with improvement of cooling facilities, 
there has l)een a considerahle increase in 
the shipments of chilled beef. New Zea- 
land also is an important exporter of beef. 
There the cattle industry is conw'utrated 
primarily in the low coastal plains of the 
two islands. 

Europe. In most of Europe*, north of 
the region of Mediterranean climate, cattle 
are numerotis, but, with the exception of 
parts of Great Britain and Ireland and of 
some lesser regions, the raising of beef cat- 
tle is not an aim in itself: it is an integral 
part of a highly diversified system of agri- 
culture. Beef cattle are usually fattened 
by using locally produced grass, hay, or 
other roughage, supplemented by grains, 
oil cake, and other concentrates, large 
quantities of which must be imported. As 
a result of the dense population, few coun- 
tries consistently have an exportable .sur- 
plus of beef. On the whole, Europe is an 
area of meat deficiency and forms the prin- 
cipal market for all the meat-exporting 
countries of the world. 

The localization of beef and dairy in- 
dustries. Beef cattle are relatively ineffi- 
cient producers of food for human con- 
sumption. According to Gray and Baker^ 

* L. C. Gray and O. E. Baker, ‘Land Utilization 
and the Fami Problem,” Miscellaneous Publication, 
No. 97, United States Department of Agriculture, 
Washington, D. C,, 1930. 


it takes 8.0 acres of cropland and 1.8 acres 
of humid pasture or its semiarid equivalent 
to produce a million calories of dressed 
beef. 

From these figures it is evident that the 
specialized raising of beef cattle cannot be 
carried on economically in countries where 
density of population is high. In such 
countries, most of the land suitable for till- 
age j^urposes must be used lor the direct 
production ol food.stufls. This, for ex- 
ample, is the case in Japan where pressure 
of population upon the land is .so great that 
practically all cropland is to© expc'iisivc* for 
the production of beef. Generally speak- 
ing, a beef-cattle industry can be successful 
only in regions when* population is com- 
paratively sparse and where land is cheap. 
The Briti.sh l.sles are one of the notable 
exceptions, since* Great Britain has been 
.sufficiently W(‘althy to import large amounts 
of vegetable foocl.s — ^and e\'en additional 
quantities of meat — Ironi abroad. 

Only 1.7 acres of cropland and ap])roxi- 
inatcly 1.15 acres of humid pasture* land or 
its equi>'alent are iiecessaiy to produce* a 
million calories of milk or milk products. 
Thus, dairying, being a more efficient form 
of animal industry, can be carried (m where 
population is dense and land fairly expen- 
sive, provided the conditions of the natural 
environment are favorable to dairy cows 
and at least some natural humid pasture 
land is ax^ailable. In many of the more 
densely populated dairy areas, such as in 
tlu* Netherlands and Denmark, supplemen- 
tary feedstuffs must be imported. Dairy- 
ing is also a successful pursuit in areas of 
relatively sparse population where — due to 
climatic conditions — the land is better 
suited for the production of feed and feed 
grains than it is for wheat and other food- 
stuffs, such as in parts of Wisconsin or north- 
western France. 

The United States. In the United 
States the most favorable conditions for 
dairy farming arc found in the so-called hay 
and dairy region, which stretches from 
Minnesota through Michigan and eastern 
Ohio as far as Maine. Grass and hay are 
abundant, and all sorts of feedstuflFs can 
easily be grown there. This entire area is 
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advantageously located near the industrial 
regions of eastern United States. While 
dairymen in the states closest to the great 
urban centers, such as New York, New 
Jersey, and Massachusetts, devote most of 
their attention to the production of milk, in 
many instances shipped to the cities by 
special trains, in the states farther west a 
large proportion of the milk is manufac- 
tured into butter and cheese, which can 
stand some delay in shipment. The princi- 
pal butter-producing states are Minnesota, 
Iowa, and Wisconsin (see page 238). 
Other important producers, all of a])])roxi- 
niatelv equal rank, are Nebraska, Missouri, 
Ohio, Michigan, Indiana, Illinois, and Kan- 


areas from Brittany to southern Sweden 
and in the British Isles. These regions are 
subject to the direct influence of tlie west- 
erly winds, and thus have a mild and moist 
climate which fosters the growth of luxuri- 
ant grasses and the production of feedstufts. 

The best-known dairy districts are in 
Denmark and the Netherlands. In the 
latter, the dairy industry is based primarily 
upon the succulent grasses of the “polders,” 
the rich marine and alluvial lands which 
generally lie below sea level. The polders 
are surrounded by dikes, and the water 
table is regulatc'd by either .steam or electric* 
pumping plants, or by windmills. Bc*- 
caiise of the number of cattle per acre it is 
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sas. Wiseousin makes half the cheese of 
the nation (Ulus, above). Smaller dairy- 
ing centers lie in the Puget Sound-Willa- 
mette Valiev of western Washington and 
Oregon and in (laliloruia. Iii the dairying 
regions of the northeast and in the Pacific 
Coast states much milk is canned in con- 
densed and e\'aporated form. Consider- 
able quantities of canned milk arc exported 
to Cuba, the Philippines, Panama, and other 
countries in Latin America and the Far 
East, which, on account of a tropical or sub- 
tropical climate, produce little milk them- 
selves. The exports to the United King- 
dom also are considerable. 

Europe. In Europe the dairy industr)^ 
is highly developed in the low-lying c'oastal 


nect\s.sarv to import large quantities of sup- 
plementary i(‘ed, such as barley, linseed 
cake, and cottonseed cake or meal. 

The Danish dairy industry also is highly 
intensive. It is dependent mainly upon 
feed crops, such as barley and artificial pas- 
tures of clover and hay. Furthermore, 
large quantities of feedstufts, especially con- 
centrates, are imported from abroad. 

The success of the Netherlands and Dan- 
ish dairy industries is largely due to the 
demands from the near-by industrial regions 
of Britain, Belgium, France, and Germany, 
which are made possible by the returns from 
mines, fac*tories, and trading activities. 

Other well-known dairy districts are the 
plateau and the Alps of Switzerland and 
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the Po Valley of Italy. In Switzerland the 
high pastures above the timber line furnish 
excellent summer grazing. The principal 
center of dairy production, however, lies on 
the plateau along the north foot of the Alps. 

Denmark and the Netherlands rank first 
in the Northern Hemisphere as exporters 
of butter. The Netherlands is the largest 
exporter in the world of condensed and 
evajwrated milk, while the principal cheese 
exporters of Europe in the order of their im- 
portance arc the Netherlands, Italy, and 
Switzerland, all three of which are noted for 
the excellence of their product. 

New Zealand and Austraija. In recent 
years New Zealand and Australia have de- 
veloped an extensive dairy industiy^ and 
have become major exporters of butter, fol- 
lowing immediately after Denmark. New 
Zealand is normally the premier cheese 
exporter of th(' world. In Australia, the 
dairy industry is most important in the more 
humid coastal districts of Victoria, New 
South Wales, and Southeastern Queensland; 
in New Zealand, the iiidustiy is carried on 
mainly in the coastal plains of the North 
Island Besides the countries mentioned 
above, Canada has become an important 
exporter of cheese. 

Swine 

Swine grow under widely varied types of 
environment. Some breeds of swine flour- 
ish in regions with distinctly tropical cli- 
mates, as, for example, in the Philippines 
and in some sections of the Netherlands 
East Indies. Nevertheless, on a world map 
showing the distribution of swine, large 
areas will be found Irlank. This is not the 
result of a lack of statistical data but of the 
prevalence of religious taboos. Moham- 
medans, Hindus, and Jews are not allowed 
by the precepts of their religion to eat pork. 
Thus swine are scarce in India, the Near 
East, and most of northern and central 
Africa. The principal swine-raising regions 
are in countries of intermediate climate, 
especially in North America and Europe, 
although important production is also found 
in southern Brazil and China. 


Distribution* In the United States the 
hog industry centers in the Corn Belt where 
the raising of hogs on com feed forms the 
foundation of the entire agricultural scheme. 
Wliile much of the processing of hogs is 
done in the great packing centers mentioned 
in the discussion of the beef industry, much 
is done also in smaller packing centers scat- 
tered through the entire Corn Belt. In 
Iowa, for example, Sioux City, Waterloo, 
Cedar Rapids, Mason City, Dcs Moines, and 
Davenport all have important packing in- 
dustries. 

In Europe swine are fed not only grains, 
especially barley and rye, but also potatoes 
and skimmed milk. Because of the* latt(‘r 
the s^\^ne industry is oftem closely associated 
with the dairy industry, this being typicalK 
the case in Denmark and the Netherlands. 

The principal exporters of pork and pork 
products ii* the order of their importance 
an‘ Denmark (bacon), the United States 
(lard, ham, and bacon), the Netherlands 
(pork and bacon), and Poland (lard and 
bacon). 

By far th(' major part of the United States 
pork ('xports ar(' shipp(‘d to Europe, espe- 
cially to the United Kingdom. Shipments 
to some Latin American countries are im- 
portant also, particularly Cjiba ancf Panama, 
the leading Latin American consumeTS of 
our pork products. 

Sheep 

Some breeds of sheep, such as the Me- 
rinos and Rambouillcts, are excellent wool 
producers, while others, such as the Lin- 
colns and Shropshires, are primarily meat 
producers. In recent decades a large num- 
ber of cross breeds have been developed 
for the production of both meat and wool. 

Since sheep can subsist and often flourish 
on rather coarse feed not relished by other 
domestic animals, most of the sheep of the 
world are raised in regions which are too 
dry, too stony, or too mountainous for other 
agricultural purposes. Sheep were often 
the mainstay of the pioneer, because they 
could easily be herded and the wool could 
stand the high costs of primitive transporta- 
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over, large niiinbers of sheep are raised also 
^ in the United States, in the semiarid lands 
™of southern U. S. S. R., in the Near-Eastern 
4 ^countries of Persia, Iraq, and Turkey, in 
Spain, and in Great Britain. In the most 

a humid districts the mutton types predomi- 
nate. In the dry lands, as in interior Aus- 
[onia. 


the high plateaus 


I tralia, most of Patag( 

"of South Africa, and the Spanish plateau, 
^ the wool-producing breeds are in the major- 
lity (Ulus, herewith). 

I In the mountainous districts of southeast- 
ern Europe, sheep do well on lands poorly 
suited to tillage agriculture. However, 
I none of the countries of this part of Europe 
^ have an appreciable export surplus of either 
f wool or meat. 

^ Great Britain has an exceptionally large 
I number ol sheep, owing in j)art to the ex- 
tent of poor grazing country and in part to 
the popularity of mutton in the British diet. 
Because of the dense population, however, 
there is a large deficiency of both meat and 
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tion facilities or of transportation over long wool. 


distances. 


The principal sheep-raising regions of im- 
portance from the point of view of interna- 
tional trade are Australia, the leading coun- 
try 111 sheep population, the Rio de la Plata 
region, in South AnuTica, the Union of 
South Africa, and New Zealand, all of rela- 
tively sparse population and with extensive 
areas of humid to semiarid pasture. How- 


Sheep in the United States, In the 
United States sheep are mo.st numerous in 
the semiarid and mountainous range coun- 
try west of the Great Plains, on the Edwards 
Plateau of Texas, and in hilly southeastern 
Ohio and parts of neighboring states. 
While formerly sheep of the wool-produc- 
ing Merino and Rambouillet types predomi- 
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nated in the United States, at present an 
ever increasing percentage is raised prima- 
rily for meat, and even on the western ranges 
production for both meat and wool is fa- 
vored. In the semiarid ranching country 
of the west, sheep raising gives rise to regu- 
lar migratory movements: from the winter 
grazing grounds in the desert areas to the 
high summer pastures of the mountains, 
most of which lie in the National Forests. 
Production of early lambs is important in 
many parts of the ranching area. The prin- 
cipal fattening and finishing districts for 
lambs are the valleys of the North and South 
Platte rivers in Colorado, Wyoming, and 
Nebraska, the Snake River district of Idaho 
and Washington, and the Great Valley of 
California. The latter produces winter 
lambs. 

In the Corn Belt and the states farther 
east, sheep are less numerous and are bred 
mostly for mutton and the production of 
lambs. In western New York, central Ohio, 
and southern Michigan, “hot house” lambs 
have become an important source of in- 
come to the farmer. On the hilly lands of 
southeastern Ohio, fine wool sheep mostly 
of the Merino type are bred extensively. 

International trade. The large export- 
ing countries of wool and mutton all lie in 
the Soiitheni Hemisphere; the Rio de la 
Plata countries. South Africa, Australia, and 
New Zealand. The exports of mutton are 
mostly destined for the British Isles. The 
wool is exported to the countries which are 
important centers of manufacture of woolen 
goods, principallv the United Kingdom, the 
United States, France, Germany, Belgium, 
Italy, and Czechoslovakia. The Leeds- 


Bradford district in England is the leading 

woolen manufacturing district of the world. 
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Chapter Fifteen 


FORESTS AND FOREST 

INDUSTRIES OF THE INTERMEDIATE CLIMATES 


The CREA'r forest areas of the 
world lie in the* rainy tropics and in the 
regions of hiiniid interm(*diate climate. In 
those areas with humid subtropical climate 
important forest stands survive only in 
southern United States and certain sections 
of southern Brazil. In all other climatic 
regions forest \'(*getation plays a subordi- 
nate rol(‘. While in the* rainy tropics the 
forest still dominates the landscape, due 
largely to factors discussed in C^hapter Eight, 
in many jiarts of the regions oi humid inter- 
mediate climate man has profoundly altered 
tlie natural landscape in his quest for till- 
able laud, ])asturc, and lumber. 

Forests 

In those portions of the intermediate re- 
gions which are most favorable for agricul- 
tural development, the once extensive for- 
ests of deciduous hardwoods and of mixed 
hardwoods and conifers have largely suc- 
cumbed to the axe of the woodman and thv 
farmer. Ev(*n some regions which are mar- 
ginal for agricultural purposes have been 
denuded of their stands of virgin timber. 
The most extensive deforested areas of the 
world lie in Europe south of a line which 
runs approximately from Oslo to Stockholm 
to Pskov, U. S. S. R., and from there to the 
Ural Mountains via Vologda and Vyatka; 
in the United States east of the Mississippi, 
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particularly in the fertile areas of Ohio, Indi- 
ana, southern Michigan, southern Wiscon- 
sin, in parts of Kentucky and Tennessee, in 
large portions of the Piedmont and else- 
where; in part of Manchuria and adjac*ent 
areas to the south and southeast. In these 
areas a cultural landscape consisting of 
tilled fields and pasture lands with scattered 
stands mostly of second growth timber has 
supplanted the original continuous forest 
cover. Only mountainous regions little 
adapted to agriculture or regions of poor, 
.sandy soils still have extensive forest stands. 
But little virgin timber, however, is left in 
these regions, and in many countries, e.spe- 
cially in western and central Europe, these 
forest resources are carefully husbanded and 
so managed that su.stained yields seem as- 
sured. 

The northern coniferous forests. Far- 
ther poleward, where short growing seasons 
and poor soils hamper agricultural develop- 
ment but allow the growth of hardy conifers 
and a few types of deciduous trees, the 
forest still dominates the landscape. There, 
an immen.se belt of coniferous forests, which 
roughly coincides with the belt of subpolar 
climate, stretches across northern Eurasia 
and North America. In North America this 
belt is located mostly in Canada but occu- 
pies the northern half of Minnesota, por- 
tions of northern Wisconsin, much of north- 
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(*rn Michigan, as well as the Adirondacks 
of New York and much of northeastern New 
England. Important southward extensions 
of coniferous forests are found in the moun- 
tains of Washington, Oregon, and Cali- 
fornia, in the Rocky Mountains as far south 
as New Mexico, in the Ural Mountains, and 
in eastern Asia. The only other extensive 
areas of c*oniferous forest are those of the 
southeastern states of the United States and 
the Parana pine forests of southern Brazil 
(Ulus. p. 88). 

Southward the northeni a)niferous for- 
ests merge and mix with the deciduous 
stands of the milder intermediate climates. 
There conifers usually occupy the poorer 
soils and the higher lands with short grow- 
ing seasons. Northward, toward the Arctic 
tundra, the stands gradually become less 
dense and the trees smaller, swampy areas 
with few or no trees become more frequent 
and more extensive, until finally only a few 
low and deformed individuals survive in the 
most .sheltered places. Thus, from a com- 
mercial point of view, the southern part of 
the main coniferous forest belt is of the 
greater importance. 

Tlie fore.sts consist mainly of relatively 
few types of conif(*rous or softwood tr€‘es, 
which generally appear in pure stands, this 
being markedly true of the pines and 
spruces.^ The more' tolerant types of hard- 
woods occur also, especially near the south- 
ern margin, although some species of birch 
and poplar extend far nortn. The latter 
often flourish where forest fires or indiscrim- 
inate cutting have destroyed the stands of 
conifers. In Canada, for example, large 
areas are occupied by aspen, a species of 
poplar. 

Not all of the northern belt is, however, 
covered by forest vegetation. Northern 
Eurasia and northern North America both 
were heavily glaciated during the Pleisto- 
cene. This resulted not only in poor, stony 
soils, but also in poor drainage. Althougn 
the annual precipitation is small, evapora- 
tion is retarded by the prevailing low tem- 

*The principal trees of the northern coniferous 
fore.sts arc: pine (Pinus), spruce (Picea), fir (Abies 
and Pseudotsuga) f tamaraA or larch (Larix), hem- 
lock (Tsuga), and cedar (Thuja). 


peratures and in many sections seepage 
downward of water is prevented by per- 
manently frozen subsoil. Therefore, much 
water is available for run-off. Because of 
the highly irregular glacial topography, 
however, much of the surface run-off’ col- 
lects in numerous swamps and peatbogs. 
On these, tree growth is either absent or 
badly stunted, and such timber as exists is 
useless for commercial purposes. Thus, of 
the approximately 2,485,000,000 acres of 
fore.st land in Soviet Russia, nearly 970,000,- 
000 are estimated as consisting of large bogs 
and other unproductive areas, the bulk of 
which are located in the sub-Arctic belt. 
In Siberia, only 38 per cent of the forest 
area is considered actually to be forested. 
In northern Sweden it is estimated that 
peatbogs devoid of merchantable timber 
account for 30 per cent of the total area. 
In the northern eoiiiferous area of Canada 
similar c'onditions exist. 

Lumhering, Tlie lumber industry in 
much of the coniferous belt is carried on in 
a stem natural environment. Population is 
sparse, and agriculture often can survive 
only in clo.se association with lumbering. 
However, some of tlie factors which handi- 
cap agricultural development are among 
the mo.st valuable a.s.scts of the lumber in- 
du.strv, as, for example, the snow cover dur- 
ing tbe long cold winters and the spring 
freshets of the numerous rivers. 

Cutting generally begins early in the fall, 
before the snow has bec*ome too deep. 
Where agricultural t‘ommunities exist in 
proximity to the exploitations, as, for ex- 
ample, in Sweden, Finland, and Quebec, 
the farmer becomes a lumberjack for the 
winter sea.son. Elsewhere, as in parts of 
Canada and northeastern European Russia, 
the labor must be imported and lumbering 
often becomes a large-scale enterprise re- 
quiring heavy investment in capital goods. 
The snow facilitates dragging the logs to 
the streams by horses or tractors. They 
are piled on the ice, and in the spring, when 
the melting of the ice and snow causes a 
brief period of high water, they are allowed 
to float down the rivers to where they can 
be sorted as to ownership and size, then 
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processed in either sawmill or pulp factory. 

In some regions, particularly in Sweden, 
large amounts of capital have been invested 
in the improvement of these log “driving” 
ways. Rapids and shoals are eliminated; 
rows of floating logs are anchored along the 
banks and in the bends of the streams; 
flumes are constructed to secure a most 
efficient use of the spring freshets. 

In northern Russia log-driving is handi- 
capped because the majority of the rivers 
flow northward into the Arctic Ocean, and 
therefore the ice breaks up in the upper 
courses long before it does farther down- 
stream. The floods which result may scat- 
ter the logs over the entire width of a valley. 
On the Pacific (Joast of North America, 
much of the timber is too large, and most of 
the streams are too swift and contain too 
many falls and rapids, to make possible the 
use of this cheap method of transportation. 
Consequenllv, mechanical means of trans- 
portiition must be used. Either donkey en- 
ines and cable traction is used or the tim- 
er is “catlogged,” that is, dragged by cater- 
pillar tractor to the nearest rail line. In 
most districts railroad systems, which may 
include narrow-gauge “feeders” and stand- 
ard gauge main lines have been built to 
transport the lumber to the coa.st. With 
such equipment lumbering may be carried 
on throughout the year. 

Principal centers of forest exploitation. 
Lumbering is carried on mainly in accessible 
areas which arc relatively close to good 
transportation facilities. In Eurasia the 
principal centers of production for lumber 
and pulpwood are found jn northern 
Sweden, Finland, and northern European 
Russia, especially the respective hinterlands 
of Leningrad and Archangel, Karelia, the 
regions to the north and northeast of Mos- 
cow, the central Ural area (the Perm or 
Molotov, and Sverdlovsk districts), and the 
Novosibirsk, Krasnoyarsk, Irkutsk, and Kha- 
barovsk regions of Asiatic Russia. In 
Canada the provinces of Quebec, Ontario, 
and British Columbia have the largest an- 
nual timber cut. 

Large parts of the northern coniferous 
forest belt, especially in Siberia and in west- 


ern interior (Canada, are so far from the 
areas of consumption and have such poor 
transportation facilities that at present c'om- 
mercial exploitation is impossible. 

Timber resources and forest exploita- 
tion in the United States. In the United 
States the original immense resources of 
hardwoods and softwoods have been greatly 
depleted, partly because vast areas have 
been cleared for agricultural use, partly be- 
cause much land unsuitable for agriculture 
was so C'ompletely stripped of trees by the 
lumber industry that restocking by natural 
means became an cxcct'dingly .slow process. 
In the areas of coniferous forests, ('specially, 
what was k'ft by the lumberman in many in- 
.stana's was destroyed by fire, and as a n*- 
sult low grade hardwoods subsequently 
took the placx.' of the valuable .softwoods. 
It is estimated that in the United States 
foH'sts of (‘onunercial value — both hard- 
woods and softwoods— originally covered 
an area of roughly 820 million aen's. To- 
day the acreage of virgin growth of .saw 
timber — mature forests not seriou.sly dis- 
turbed by cutting, fire or insect and clisease 
infestations — is about 45 million acres. The 
only areas where considerable stands of 
virgin timber still cxi.st are the Ca.scades, 
the Sierra Nevada, the t'oastal ranges of 
Washington and Oregon, and the Rocky 
Mountains. The Pacific Northwest has 18,- 
500,000, the Rocky Mountains 14,4(K),000, 
and California 8,400,000 acres of such forest. 
Little virgin timber is left in the forested 
portions of New England, New York, and 
the Lake States, anci even in the Atlantic 
and Gulf coastal plains .such stands now 
constitute only a small percentage of the 
forest area (Ulus. p. 263). 

Fortunately, a considerable acreage of 
second growth has reached saw-timber size. 
Saw timber denotes merchantable trees 
which are large enough to yield logs for 
lumber. Their minimum size varies from 
9 to 23 inches diameter at breast height, 
depending upon species and region. The 
total acreage of second-growth saw timber is 
about 160 million acres, of which 43 million 
are in Florida, Georgia, Alabama, Missis- 
sippi, and Tennes.see, 31 million in Arkansas, 
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Table VIII 

Oommekcial-Forest Areas of the 
I’nited States by Major Types of 
Growth and Region 19ir) 




Saitf- 

Sato- 




fimher 

timber 




virtfw 

second 

Pole 


Total 

(fiowth 

gtowlh 

linibei 


i,(m 

i,m) 


t,0(H) 


at les 

aril’s 

\ 

acres 

acies 

Paritir Wesl 

()2,r>()9 

1(1,91 it 

10,‘J7() 

10,899 

South 


97:i 

97,404 

29,222 

North IWk\ 





Ml. 

‘2a,o()h 

7.202 

l,()99 

9,91.2 

Simth Mock\ 





Ml. 


7.1 If) 

2 272 

:;.i.')i 

Onlral 

11.121 

2:M) 

1L700 

10,019 

Lake 

.VKIUf) 

l.olO 

1,900 

9,.')o:) 

Middle Allaiilie 

ii.r)8(> 

1()1 

1 I, (Mi 

12,71 1 

New iMiffland 

ao,8.'»i 

1X8 

12,707 

x.nc) 

I'liited Slates 

Mil, 041 

11,()18 

KiO.ruS 

9.\01.1 

— , 

- — 

— _ 

- 

: 


SouKT- ImiivsI Scnicc, 1’. S. Dupailiiiunt ol 


Louisiana, eastern Texas and adjacent Okla- 
homa, 23 million in the Carolinas and Vir- 
ginia, 14 million in New England, 15 million 
in the Middle Atlantic States (New York, 
Pennsylvania, New Jersey, West Virginia, 
Maryland, and Delaware), 11 million in the 
Central States, and 5 million in the Lake 
States. A graphic picture of the present 
distribution of mature timber land in the 
United States is gi\'en below. 

Besides these arenas of merchantable saw 
timber then* are lairly c*onsiderable acre- 
age's of pole limber, characterized by tr('(*s 
which are too small for saw logs, but large 
enough for cordwood, and of small-diinen- 
sion saplings and seedlings. (See Table 
VIII.) 

The forests ol the Northwest and of Cali- 
fornia t'onsist almost entirelv of coniferous 
trees, among which the Douglas fir (Psviulo- 
isu^a taxifolia) and the western vellow pine 
(Pinus pondvrosa ) are of major importance 
(Ulus. p. 263). The Pacific states are re- 
sponsible for more than one-third ol the 



Source: Sptiafc' Document No. 12, Seventy-third Congress, 
First Session, Washington, D. C., J933. 


Total .stand.s of timber in the forest regions of the United States. 
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entire softwood production of the United 
States. 

As a producer of l)oth softwoods and 
hardwoods, southern United States still 
holds first place. The area occupied by 
commercial forest land in the South (Vir- 
ginia, Tennessee, Arkansas, southeasteni 
Oklahoma, eastern Texas, and other south- 
ern states) is estimated at 183,00(),(XK) acres, 
or nearly 40 per cent of the total for the 


of this region in such a manner that the 
annual natural growth may be almost 
doubled. This is entirely within the 
bounds of possibility, as large portions of 
the south have very favorable growing con- 
ditions and much land is better suited to 
forest than to crop use. 

The Pacific Coast area has the most ex- 
tensive stands of virgin saw timber left: 27 
million acres, or 60 per cent of total acreage 
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Distribiilioii of land supporting timber eiirreiitly niarketalile for tbe major forest products. Does not 
include second-growtli stands cut for minor jmidiicts. Published iii Part VIII of the Supplementary Re- 
ports of tlu* Land Planning Committee, National Resources Planning Board. 


United States (Ulus. p. 262). Of these, 
973,000 acres, less than 1 per cent, bear vir- 
gin saw timber, the remainder consisting 
of second-growth saw timber, cordwood 
stands, and cutover areas. The stands 
available for commercial purposes in all 
of die south are only about two-thirds of 
those in the Pacific states, those of saw tim- 
ber about half. Since in this area total 
annual drain of saw timber exceeds natural 
annual growth, the utmost efforts should be 
exerted to protect and manage the forests 


(Ulus. p. 262). The Rocky Mountains are 
next with a little over 14 million acres. 
However, half of these virgin stands in the 
Rocky Mountains and in California are of 
poor quality. The best virgin stands are 
in the northwest, where on one-third of the 
total virgin forest area is concentrated 57 
per cent of the total volume of virgin timber. 
In many parts of the west the annual drain 
greatly exceeds annual growth. Exc.’ssive 
cutting of virgin stand, premature cutting 
of second-growth timber, heavy depletion 
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due to fires and insect damage, and preva- 
lence of conditions which hold back natural 
growth are largely responsible for this situa- 
tion. Fortunately, fairly extensive areas 
are owned or managed by the federal gov- 
ernment, or by state, county, or municipal 
governments (over half in the Northwest 
and California, over three-fourths in the 
Rocky Mountains) under long-range de- 


extensive treeless tundra regions of the 
north, the prairie provinces in the central 
west, and a small region of original hard- 
wood forests in southernmost Ontario, lies 
wholly within the great northern coniferous 
belt in which hardwoods play a subordinate 
role (Ulus. p. 88). 

It is estimated that Canada possesses 
1,290,000 square miles of forested land. 



Coiirtc'iii Amrruan Ftnvst Prmlucts Indu^trt<‘^, 


A good crop of hardwood logs being loaded on a train m Arkansas Nearly half tlie hardwood lum- 
b(‘r produclion in the United States is <aik, followed by rt‘d gum and yellow poplar. The tier ol states 
from Virginia to Arkansas produces most of our hardwood 


velopmcnt plans. As the virgin stands in 
the United States are nearing exhaustion, it 
is now advisable and soon will become 
nec*essary to adopt policies of scientific for- 
est management for all our forest land, simi- 
lar to those practiced in Europe and on 
some of our national forest lands, in order 
to maintain a dependable supply of timber. 

Timber resources and forest exploita- 
tion in Canada, Canada, except for the 


However, a large proportion of this land is 
nonproductive and will probably never be 

J )roauctive, as natural conditions are so un- 
avorable that the trees cannot reach mer- 
chantable dimensions. Of the forest area, 
37 per cent is classified as nonproductive, 
leaving a total area of over 800,000 square 
miles of productive stands. Of this a little 
less than half carries merchantable timber, 
the remainder is young growth. Owing 
to the size of the country there are many 
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regions where the timber is so inaccessible only a little over 6 per cent of total lumber 
that it cannot be profitably exploited within production. The largest accessible reserves 
the near future. The accessible saw timber of saw timber are spruce and balsam fir 
is located especially in British Columbia, (104 billion board feet), chiefly in Quebec, 
Quebec, and Ontario, with stands of smaller British Columbia, and Ontario; hemlock 
extent in New Brunswick, Nova Scotia, and (27 billion b.f. ), chiefly in British Columbia; 
the Prairie Provinces. The major producers cedar (26 billion b.f. ), in British Columbia; 
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Eticl of journey Redwood logs being hauled from mill-pond U) sawmill in Mann County, California. 


of lumber are British Columbia, Quebec, Douglas fir (24 billion b.f.), also in British 
and Ontario. The principal coniferous Columbia; Jack and lodgepole pine (19 
species cut are Douglas fir, spruce, and bal- billion b.f. ), primarily in Ontario; and white 
sam fir, with smaller quantities of hemlock, and red pine (9 billion b.f.), especially in 
white and red pines, cedar. Jack pine, and Ontario and Quebec, 
lodgepole pine. Among the hardwoods, 

birch and maple are most important, though W orld lumber trade. The bulk of the 

hardwood production usually constitutes timber which is cut in the middle latitudes 
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is used for lumber and fuel, and smaller 
quantities are used for pulpwood, veneer 
logs, hewn ties, fence posts, mine timbers, 
shingles, and other purposes. In the major- 
ity of the countries which are located in the 
intermediate and subtropical climatic re- 
gions, consumption exceeds production and 
large imports are necessary. This is espe- 
cially true in Europe. For example, in 
Great Britain only 5.4 per cent of the land 
area is in forest, in the Netherlands 7.8 per 
cent, and in Belgium, France, and Italy 
about 18 per cent. All of these countries 
are heavy importers. Germany (old boun- 
daries), with 27.5 per cent of its area in 
forest, ranked as the second major Euro- 
pean importer before World War II. This 
condition gives rise to an important trade 
in wood and wood products. As softwoods 
are easily workable and suitable for many 
purposes, they are in great demand all over 
the world. Normally, for example, appre- 
ciable quantities of northern softwoods are 
imported in all of the African colonies 
which have vast areas of tropical forest. It 
is often cheaper to lay down softwoods from 
Ganada, Sweden, or the United States in the 
ports of the Guinea Coast than it is to 
obtain tropical hardwoods from the interior. 
Thus, the countries which have extensive 
stands of coniferous forest dominate the 
world's trade in wood and wood products. 
The principal exporters are those countries 
which have a share of the great sub-Arctic 
belt of coniferous fore.sts: Canada, Sweden, 
Finland, and the Soviet Union. The 
United States, although importing annually 
from one to two billion board feet for vari- 
ous purposes, in normal years exports from 
two to three billion board feet. 

While in the past most of the lumber en- 
tered world trade as roughly hewn logs, 
now it is generally shipped as lumber. 
Some producers export even semi-manufac- 
tured and finished products, such as ply- 
wood, roof shingles, doors, and vriindow 
frames. 

Wood Pulp and Paper 

During the last half century the paper 
industry has become an important con- 


sumer of wood, since most of the paper 
used in the world is now made of wood 
fiber. As a result of lower cost of manu- 
facture of paper stock, and in re.sponse to 
the greatly increased output of books, maga- 
zines, and especially of newspapers, the re- 
quirements of the paper industry have 
grown enormously. Also the rayon or arti- 
ficial silk indu.stry uses wood pulp, in this 
country espc'cially the pulp made from 
spruce and western hemlock. The plastics, 
cellophane, fiber board, and relatt'd indus- 
tries also use increasing quantities of pulp- 
wood and wood waste. For the manu- 
facture of wood pulp, trees below saw- 
timber size can be used. This gives a 
greater measure of (economic security to 
pulp-wood plants than to the ordinary saw- 
mill enterprises, as under careful manage- 
ment suitable timber can be maititained 
within reach of the plant. 

Soft coniftTous woods, low in resin, such 
as spruce and hemlock are preferred for the 
manufacture of pulp for paper making. In 
recent y(*ars manufacturing |)roc(*ss(‘s ha>'e 
been improved to such an extent that the 
number of usable species has increased 
greatly. Southern yellow pine is now one 
of the major sources of pulpwt)od. Poplar 
balsam fir, Jack pine, white fir, beech, birch, 
and maple are other species in current u.se. 

The wood is reduced to pulp either by 
purely mechanical means or by cooking 
under steam pressure and with an admix- 
ture of cheinic'als. All of the newsprint and 
other cheap grades of paper, which do not 
need to be of great strength or of pure 
white c*olor, are manufactured from mecnan- 
ical pulp, though usually with an addition 
of sulphite pulp. The chemical processes 
eliminate a large part of the lignin or wood 
substance, leaving mostly cellulose. They 
are more expensive than the mechanical 
processes and yield smaller amounts of pulp, 
which is, however, of longer fiber and can 
more easily be bleached. The sulphite 
rocess, which consumes chiefly spruce and 
emlock, is used in the better grades of 
paper, as, for example, book or magazine 
paper. The sulphate process is employed 
for the production of strong brown wrap- 
ping or Kraft papers from resinous woods 
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such as those of the southern pines. The 
soda process is applied to hardwoods, as 
aspen and yellow poplar. Soda pulp is 
generally mixed with sulphite pulp for the 
production of medium and better-grade 
papers. In the United States mechanical 
and sulphite pulp constitute two-thirds of 
the total requirements. 

Pulp production. The pulp industry de- 
pends not only upon large amounts of cheap 
woods but also upon the availability of 
cheap power. Thus, the industry is located 
mainly along the southern edge ol the conif- 
erous forest belt in America, and along the 
coasts of Sweden, Finland, and Norway, 
where raw material is abundant and where 
water power can be easily de\'eloped be- 
cause' of the glacial topography. The' prin- 
cipal producers of wood pulp are the United 
States, Canada, Sweden, Germany, Finland, 
Norway, and Russia. 

At present, pulpwood constitutes nearly 
11 per cent of the cut of all timber products 
in the United States. The principal pulp- 
wood-producing regions are the South and 
the Pacific Northwc'st, followed at a consid- 
erable distance by New England and the 
Lake States. Manufacturing plants in the 
older pioducing regions (New England, 
Middle Atlantic, and Lake) face a major 
su])plv problem as the quantity of available 
raw material has become insufficient to meet 
the demands of the factories. In the South, 
competition with the lumber industry for 
available timber is a serious problem, while 
in the Northwest, Sitka spruce stands are 
declining and there is increasing competi- 
tion with the lumber industry for hemlock. 
Because of the depletion dr the local re- 
sources, over a million tons of wood pulp 
and from to 3 million tons of newsprint 
paper have to be imported annually from 
Canada. In Canada, about 30 per cent of 
the cut of all timber products is pulpwood. 
The provinc'es of Quebec and Ontario rank 
first as pulp and paper producers, but the 
industry has also established itself on the 
west coast, near the extensive forests of 
British Columbia. 

While large quantities of wood are still 
available both in the more and in the less 


accessible parts of the northern coniferous 
belt, the rapid depletion of the virgin stands 
in several regions will make it urgently 
iiecessar)^ to inaugurate everywhere policies 
of forest conservation such as are now prac- 
ticed, for example, in Sweden and Finland. 
This is desirable not only because the wood 
consumption of the world is increasing 
sR'adily, but also since, on much of the land 
under coniferous forest, timber is the only 
profitable crop. 

Furs 

The northern coniferous forests are the 
abode of numerous fur-bearing animals, 
vaiydng in size from weasel to bear. The 
hunting and trapping of these animals pro- 
vide a welcome source* of ca.sh income in 
many regions where returns from agricul- 
ture arc small. Farther poleward they de- 
velop into an industrv to which the popula- 
tion may devote most of its time. 

The longer and colder the winters are, 
the better gc'iierally is the* quality of the* 
fur. Inasmuch as agricultural settlement 
with its attendant depletion of wild life has 
pcnetratc'd only tiu* southern fringe of the 
great northern conif(*roiis fort'sts, tlu*y still 
harbor large numbers of valuable fur ani- 
mals, as fox, wt*as(*l, sable, mink, muskrat, 
and l)(*a\'er. 

The small bulk and high value of most 
furs are sufficient to oflset the slow and ex- 
pensive* transportation which is typical for 
.sparsely populated areas. For that reason 
the trapper has usually preceded the lum- 
bennan and the farmer in the .settlement of 
forested territory. The role which the fur 
trade played in th(' establishment of British 
dominion over North America is well 
known, but tlu* significance of the same 
trade in extending Russian influence in 
Asia is not so well known. The early 
expansion of the Russian empire from the 
Urals to the shores of the Pacific, and at one 
time even into Alaska, was due largely to 
the eastward and northward advance of 
the trapper in the trackless wilderness of 
Siberia. 

Principal jur-producing countries. 
Russia is undoubtedly the largest producer 
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of raw furs in the world. Although the 
domestic consumption is high because of 
the severe winters, iievertholess furs have 
always been important as an export item. 
Canada likewise is important both as a 
producer and as an exporter of furs. The 
provinces of Quebec and Ontario, and the 
Northwest Territories, usually lead in value 
of produced pelts. In many sections of 
the northern forest region the out])osts of 
the Hudson Bay Company are still the only 
nuclei of settlements. Among other fur- 
producing regions should be mentioned 
Mongolia, Manchuria, and northern China. 

The United States not only produces 
much raw fur but, as a result of the high 
standards of living, is the principal fur- 
consuming country in the world. The 
value of the imports generally far exceeds 
that of the domestic production. As settle- 
ment spread in the United States, and more 
and more of the forest was turned into 
agricultural land or was destroyed by the 
lumber industry, the number of valuable 
fur animals greatly decreased. Where the 
Indian had been accustomed to husband 
carefully the resources of wild life on his 
hunting grounds, the hunting and trapping 
by the white man often degenerated into a 
process of virtual extermination. Never- 
theless, and thanks mostly to a policy of 
conservation of wild life adopted by the 
states and fost(*red by the federal govern- 
ment, the total catch of fur animals is still 
estimated at from 40 to 70 million dollars 
per year. Among the fur- producing dis- 
tricts, the lower Mississippi basin stands 
high, while a)nsiderable numbers of fur 
animals are also trapped in the coniferous 
forest regions of northern United States. 
St. Louis is a large fur-collecting center, 
and New York City ranks as a great world 
market. 

F//r farming. As a result of the gradual 
retreat of wild life before the advance of 


white man, and the increasing popularity 
of fur clothing, it has become profitable to 
raise certain kinds of fur animals, especially 
silver fox. Fur farming is practiced exten- 
sively in northern United States from New 
England to the Pacific Coast. In southeni 
Canada it has also become an important 
industry. The practice has likewise been 
introduced succ*essfully into several Euro- 
pean countries. 

Rabbits are raised in many countries, 
both for skins and for meat. The skins, 
which by v^arious processes of manufacture 
can be* made to resemble more expensive 
furs, play an important role in the inter- 
national fur trade, Australia being the fore- 
most exporter of this commodity, which is 
also used for the hair. 
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TOE POLAR CLIMATES 


Beyond the middij: lathtoes 
winters expand to include all or most of the 
year; ice and snow grip both the land and 
the ocean. In the polar climates, freezing 
temperatures occur in all months of the 
year, and the average temperature even of 
the warmest month remains below 50*^ F. 
The summers, though occasionally bring- 
ing warm days, are so short that their in- 
fluence is entirely overshadowed by that of 
the long unbroken winter. The bleakness 
betokened bv ice and snow is the predomi- 
nant aspect of the landscape. 

Even along the warmer margins of polar 
climates, the prevailing low temperatures 
prevent the growth of tall trees. Although 
during the brief summer the upper soil may 
thaw out to a depth of one to three feet, the 
subsoil remains frozen throughout the year. 
Most of the precipitation falls as snow and, 
measured in inches of water, is so small 
that the polar regions would be distinctly 
semiarid if the temperatures were higher. 
Two principal types of climate can be recog- 
nized: the lunara, characterized by a short 
summer which makes possible the growth 
of low vegetation; and the ice-cap type, 
where the ground is never free of snow and 
ice and the higher forms of vegetation are 
entirely absent (see World Map of Climatic 
Regions). 

The Tundra 

The tundra is extensive in the Northern 
Hemisphere, but in the Antarctic it is 
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limited to a few small islands scattered 
through the southern part of the oceans. 

The term “tundra’* is derived from the 
Finnish iunturi, which means a flat, barren 
plateau. In usage, the meaning of the 
word has gradually broadened to embrace 
the treeless, stepj)elike areas c‘Overed with 
a vegetation of mosses, scanty grasses, and 
.sometimes low shrubs, which are so charac- 
teristic of the far north, and also to desig- 
nate the climate typical of these regions 
(Ulus. p. 270). 

The tundra includes all areas where the* 
average temperature of the warmest month 
is below 50°F. but above freezing (32°F.). 
It forms a belt of varying width that sur- 
rounds the Arctic Ocean, stretching over 
nearly ten degrees of latitude in the Taimir 
Peninsula and in extreme northeastern Asia. 
The total land area included is vast, being 
variously estimated at three to live million 
square miles. The edges of the tundra are 
located along the southern border, project- 
ing far southward on upland areas and re- 
ceding northward in the major stream val- 
leys. In North America the tundra extends 
from northern Alaska to northern Labrador, 
including the so-called Barren Grounds 
northwest of Hudson Bay. 

Climatic conditions. Winter, the domi- 
nant season, is a period of darkness as well 
as of cold. In the southern parts the sun 
shines but two or three hours a day during 
midwinter, and in the northern parts it does 
not appear above the horizon for several 
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weeks. 'Iciiiperatures ol — 4()''F. are com- 
mon, uiul oiten they lull still lower. Th(‘ 
snowtall, though not heavy, blankets the 
fr()/.('n ground. On the other hand, stim- 
iners are short and featured by almost 
eontinuons sunlight, and in some of the 
more continental areas temperatiin’S mount 
to unexpected heights Summer maxima 
above 8()"F. often oeeui where in winter tlie 
temperatiir(*s drop to — 6()®F. or lower (11- 
lus. at right). 

E\en gieater extiemes oecur in some 
plac(‘S, as, foi example, at Fort Good Hope 
in northern C'anada, where summer maxima 
of 95 '’F. and winter minima of --79'’F. have 
been recorded. Spring may not come 
until June, and then only as a brief 
transition period from winter cold to 
summer warmth. Autumn is an equally 
short period, in late August or early 
September, when the warmth and flowers 
of summer are displaced by cold blasts 
introducing the long winter. Spring and 
autumn are so brief and temperatures so 
variable that they bear little resemblance to 
their c'ounterparts in the middle latitudes. 

Most of the precipitation falls as rain or 
snow in summer or early autumn, when 


daytime tempeiatures aie geneially well 
abo\e the freezing point. Although not 
hea\y, often averaging less than 10 inches 
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during the year, most of the precipitation 
becomes soil moisture because of the flat- 
ness of the tundra lands and the low rate of 
evaporation. During much of the summer, 
the relative humidity is high, 70 per cent or 
more, and thick fogs are characteristic of 
the early part of this season in most of the 
coastal areas and often far inland. 

The long summer days, with continuous 
sunshine for weeks, as is the ease beyond 
latitude 68°. constitute a period of weather 
which people oi lower latitudes usually do 
not associate with polar climates. Sun.shine 
uninterrupted except by occasional clouds, 
temperatures warm enough to be pleasant, 
a landscape \'erilur('-clad and in some of the 
more favorable spots flower-bedecked, char- 
acterize the micisummer weeks. But this 
season is so short that at its height people 
begrudge themselves the time for sleep. 
And then the long polar winter comes. 
Although the winter is a j)eriod of intense 
cold, raging storms, and gn‘at hardships 
for man, it is not without its compensating 
features. Along the southern margins bril- 
liant moonlight at times dispels the dark- 
ness of the sunl(‘ss days. At that season, 
also, the aurora reaches its maximum bril- 
lancc. At times, on crystal-clear nights, the 
whole skv is covered with surging waves of 
color; bands of green and blue and purple 
and pink go .sliooting, rolling, twisting 
across the heavens in a display of changing 
brightness never the same for two succes- 
sive seconds. Only in the high latitudes 
can one find such superb celestial l|g|U4f . 

Resources, The known resources are 
based on the natural vegetation. The tun- 
dra is the land of the reindeer and the musk 
ox and, during the warm season, the home 
of myriad birds and insects. The border- 
ing seas are the habitat of seal, walrus, 
whale, and many kinds of fish. The human 
economy is based upon the utilization of 
animal life, because no tillage agriculture is 
possible. 

With the passing of the winter snows, 
vegetation surges into life as though to 
make the most of the short summer season. 
Where the snow cover serves as a protect- 


ing blanket against intense cold, the vege- 
tation is fairly profuse, while windswept 
places support but sparse growths. In 
swampy areas, caused by frozen subsoil 
and inadequate surface drainage, water- 
saturated spongy mosses abound; in the 
drier places, various kinds of lichens and 
reindeer moss t‘Over the ground and even 
grow on the surfaces of naked rock. In 
some of the more .sheltered and better 
drained lowland areas occur the arctic 
"prairi(‘s,’' consisting of herbaceous vegeta- 
tion ol biennials and of scattered grasses 
and .shrubs u.sually less than knee-high. 
During the brief summers these “prairies” 
form oasislike spots where brilliantly col- 
ored flowers abound. 

The drier parts of tin* tundra are capable 
of serving as grazing grounds for large 
numbers of meat animals, such as the rein- 
deer, the caribou, and the musk ox. 

Human activities. The human popula- 
tion oi the tundras is sparse. These re- 
gions are at the poleward limits of the 
higher forms of life, and the .struggle for 
existence is intense and hazardous. Th(* 
nati\'c people include such groups as Eski- 
mos of North America and the* Lapps, 
Samoveds, Yukaghir, and Chukchi of Eur- 
asia. 

A sur])risingly varied set of cultures has 
be(*n de\ elopt*(I by the native peoples from 
the rather uniform environment of the vari- 
ous tundra areas. Although animal prod- 
ucts are ev(»rywhc*rc the principal source 
of food, the Eskimos are hunters and fishers, 
depending upon caribou and sea animals 
(Ulus. A, p. 272); the I'ierra del Fuegians 
arc more primitiv e hunters and fi.shers; the 
Lapps and Samoyeds of northern Europe 
are dairymen, using domesticated reindeer; 
while the tribes of northern Siberia are 
herdsmen, raising great herds of semi- 
domesticated reindeer for meat rather than 
milk. In like manner the snow, stone, or 
sod igloo of the Eskimo is radically differ- 
ent from the large skin house of the north- 
ern Asiatics or the cnide windbreaks of the 
Fuegians. In land transportation the Eski- 
mos use dog sleds; the Fuegians, their own 
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(A.) Eskimo woman fishing through the ice. 
Model in American Museiiiii oi Nalural History. 

backs; the Lapps, reindeer-drawn sleighs 
(Ulus, below); and the Siberians, reindeer 
back-packing. Even the sternest environ- 
ment oflers man numerous choices, of which 
he avails himself according to his tradi- 
tional background and his inventiveness. 


Dependence upon the resoura^s of the 
sea varies widely. Most of the inhabitants 
of Eurasia are inland dwellers; in the au- 
tumn they withdraw to the forest, where 
they can find shelter to protect their herds 
from the bliz/ards. There they also add 
berries and nuts to their diet of meat. 
Their mainstay of economic life, tli(‘ domes- 
ticated reindeer, can use the tundra forage 
and provide its owners with materials for 
food, clothing, and shelter. The Lapps and 
the Siberian peoples of the tundra are no- 
madic; they live in tents throughout tht' 
year, only a few tribes having more p(*rma- 
nent habitations. Their migrations and 
mode of lile are adjusted to the require- 
ments of their herds, and these in turn are 
in accord with the nature of the country. 
Since the most extensive pastures, those of 
reindeer moss, grow slowly and require* 
several years to recover from overgrazing, 
the herds must continually be kept moving. 
In winter these people's migrate southward, 
in summer northward, seasonal Iv seeking 
the areas wheie forage is most readily ac- 
cessible and, so far as possible, avoiding 
winter coastal steirms and summer inject 
enemies. 

The Eskimos, generally C'oastal dwc'llers, 
depend more directly upon the sea. They 
have become skillful liunters and fi.shermen 
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They are recognized as being ainoiig the 
most adept people in the world in handling 
their skin-co\^ered, decked canoes or kayaks. 
In west Greenland the Eskimos have be- 
come distinctly sedentary, but in the north- 
ern part of Canada most of th('m retain 
their nomadic tendencies. There in winter 
they concentrate in larger settlements, 
while for the summer caribou hunting they 
disperse over wide areas. 

Western civilization is repre.sented in the 
tundra chiefly at ‘‘gateway” settlements 



C'onttrsif Lomaii Bios, Nonu , Alaska 


A group of grazing remdeer m iiortlitTii Alaska. 

such as Churchill, Canada, and Murmansk 
and Dickson Island, U. S. S. R. 

Economic significance of the tundra. 
Although not equaling the subpolar regions, 
the tundra has long been of some impor- 
tance as a source of fine furs. Thousands 
of sable and blue-fox furs are marketed 
every year from these areas of Canada and 
Siberia. It is said that because of his con- 
tacts with American fur traders the Eskimo 
thinks of the white man's world as one of 
big boats, soap, warm water, and odd- 
looking footgear, and that white men spend 
almost all their time looking for skins. So 
long has he trapped and brought his pelts 


in for trade, and so long has he been ex- 
horted to hurry back with more, that he 
has come to think of the arctic skins as a 
sort of hub around which the wheel of 
civilization moves. 

As a resource subject to exploitation in 
the distant future, the tundra pasture land 
must be given high rank. Areas of consid- 
erable extent are available for reindeer 
grazing. Since these animals survive with- 
out feeding or prepared shelter, the produc- 
tion costs are low. While there is little 
prospect of the industry becoming of great 
c'ommercial significance in the near future, 
it has promise as a possible eventual source 
of meat, as the human population oi the 
world has been increasing at a rapid rate 
and the pressure upon the land to produce 
the necessities of life is continually becom- 
ing greater. If these trends continue, it is 
inevitable that eventually cultivable lands 
must be used for crop agriculture and that 
grazing lands will become of increasing im- 
portance for meat animals. In that distant 
future the tundra n'gions may become 
recognized as the world’s most extensive 
pasture lands (Ulus, at left). 

The Ice-Cap Type of Climate 

In the ice-cap type of climate, all-year 
cold reigns supreme. The average tem- 
perature of the warmest month is below 
32°F. Statistical data concerning climatic 
details are fragmentary, because no perma- 
nent meteorological stations have been es- 
tablished in these climatically hostile re- 
gions. 

The ice-cap climate dominates interior 
Greenland, the Arctic Ocean, and Antarc- 
tica. These regions long have challenged 
the imagination and adventurous spirit of 
man. Associated with them are the names 
of a host of men fearless of the hazards of 
the unknown. Among those whose exploits 
have been truly heroic are Franklin, Greely, 
Nordenskjold, Nansen, Scott, Shackleton, 
Peary, Amundsen, Wilkins, Papanin, Stef- 
fanson, and Byrd. Many other names 
merit a place in any honor list, but the 
above-mentioned are outstanding. 

The question is often raised as to why 
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men face the hardships and dangers of 
polar exploration. The ice-cap regions are 
cold, hostile deserts: there is virtually 
neither plant nor animal life except along 
the margins. While lands for settlement 
cannot be expected as a reward for new dis- 
coveries and explorations in the polar re- 
gions, and perhaps other economic rewards 
likewise are remote, any explorations are 
justified that push back the veil of igno- 
rance. Man seeks to know all parts of the 
world regardless of economic benefits. 
The ideal that knowledge is worth while for 
its own sake has been dominant in nearly 
all polar expeditions. Since aviation has 
become a practical means of trade and 
transportation, interest in the north polar 
areas has loomed large because ol their 
location in respect to potential air routes, 
and thus has been addc'd an economic mo- 
tive to th(' zeal ol explorers. But the lure 
of the unknown anci the special fascina- 
tions ol polar landscapes have been domi- 
nant incentives ol individual explor<‘rs. 

In recent yc'ars, scientific thought has 
been directed to the polar regions because 
of their jK)ssible influence* upon world 
weather. Manv scie’iitists believe that if 
we knew more about the meteorological 
conditions in polar areas we would have 
added evidence upon which to interpret 
the weather of the middle latitudes. It is 
thought that a knowledge of the sc*quenc*es 
of weather conditions o\'er the polar ice 
caps might afford a fairly reliable basis for 
making .seasonal foiecasts regarding the 
weather which would be likely to prevail 
during the .succeeding weeks or months 
over the agricultural lands within the inter- 
mediate climates. These are some of the 
problems which await solution, and it is 
possible that further knowledge of condi- 


tions within the polar regions will be of 
practical value. In view of the varied in- 
terests of adventure, of air navigation, and 
of meteorological research, the polar re- 
gions bid fair to remain in the limelight of 
exploration for years to come. The poles 
have been reached, but vast areas still 
unseen or seen only cursorily ser\'e as a 
challenge to the zeal to know, a zeal which 
c*on.stitutes one of the finest attributes of 
man. 
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Chapter Seventeen 


THE ECONOMIC SIGNIFICANCE OF THE SEA 


Within the extensive waters of 
the sea are bountiful resources of food, raw 
materials, and other products useful and 
valuable to man. Some of these resources, 
such as those of the fisheries, hav(‘ long 
been utilized, at least partially, but others 
of potential value ha\e oiih’ recently been 
examined or exploited. Realization of the 
sea as a storehouse of wealth can add to our 
food and raw-material resources. Similarly, 
while more energy is contained in the 
movements of the tides, currents, and waves 
than is now utilized in all of mans in- 
dustrial plants, at present the amount of 
])Ower taken from the sea by man is negli- 
gible. But there are indications that the 
technical diflBculties of harnessing some of 
this power can be overcome in the near 
future. 

That new resources of the sea are avail- 
able is strikingly illustrated by the recent 
extraction of minerals. Until the present 
century there was almost no direct exploita- 
tion of the minerals contained in sea water 
except of salt. Since the 1930’s, however, 
with the increasing demand for some of the 
minerals of the sea and the development of 
new methods of handling large quantities 
of sea water, bromine and magnesium have 
been recovered in large quantities. The 
construction of the first momine plant using 
sea water as the sourc^e of raw material was 
begun in the United States in 1934. With 
the tremendous increase in demand for 
magnesium just before and during World 
War II, several plants were built to extract 
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this metal from the sea. Of the 240,000 
tons of magnesium produced in the United 
States in 1943 (compared with 2,400 tons 
in 1938), about one-third was from the sea. 

Tlie value of the sea caniiot be measured 
alone by resources such as fishery pniducts 
and minerals, nor even by its potential role 
as a source of energv. Throughout geolog- 
ical ages the seas fiave aidecl in the con- 
struction of vast areas of sedimentary rocks, 
areas which after uplift and surfac*e changes 
now con.stitiite large parts of the c*ontinents. 
Interbedded with these sedimentary rocks 
arc great stores of coal and petroleum — 
products without which th(‘ modern in- 
dustrial civilization would not be po.ssible. 

The climatic influence of the sea is an- 
other factor to which the yardstick of j)e- 
cuniary value cannot be applied. The* seas 
serve as a vast primary reservoir from 
which the air derives the supply of moisture 
which is essential to life on the continents. 
They serve also as a great regulator of tem- 
perature by ab.sorbing heat, and thus exert- 
ing a cooling influence on the air above, or 
by radiating heat and thus warming the air. 

Another economic role of the sea, the 
value of which can hardly be expressed in 
monetary terms, is its use as a highway of 
transportation. The ocean is a roadbed 
against which there are no charges for con- 
struction, maintenance, or taxes. Open to 
most nations and touching all shores, it has 
always appealed to the adventurous spirit 
of man, nas induced exploration, and has 
facilitated international trade. 
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The most important direct use of the sea 
today, as in the past, lies in its ability to 
provide food. Fishing is often quoted as 
man’s oldest industry. Certainly, from pre- 
historic days on, the sea has furnished a 
substantial part of his food. To millions 
of people in the tropics, partiailarly to 
those in the rice-consuming countries of the 
Far East, fish rather than meat provides 
the necessary proteins in the diet. Along 
many of the* nigged emsts of western Eu- 
rope, where but little land is fit for agricul- 
ture, fi.shing is the principal industry, this 
being especially noteworthy in the case of 
Norway, Brittany, and northern Scotland. 
England, deficient in products of the farm, 
secures a catch which provides for an aver- 
age annual consumption of al) 0 ut 40 pounds 
of fish per capita. 

Americans eat less fish than do most Eu- 
ropeans. As an adjunct to the regular meat 
diet, however, the value of fish is greater 
than is indicated by its measure in dollars 
and cents. Products of the sea are rich in 
essential mineral salts, and especially so in 
vitamin D and iodine, and thus they serve a 
useful purpose in providing a varied and 
wholesome diet. 

The nature of marine life. As a re.sult 
of diverse environmental features, some 
parts of the land areas of the world sup- 
port abundant plant and animal life, 
whereas in other parts such life is sparse. 
The oceans similarly provide diverse envi- 
ronments, although the contrasts are not so 
great as on land. The old adage that the 
seas are barren wastes has of course but a 
small element of truth. Conversely, the 
more recent saying that the sea is a rolling 
meadow, teeming with life, is equally 
absurd. Broadly speaking, the ocean as 
well as the land has its rich pastures and 
its barren deserts. In the sea, as on the 
land, are flora and fauna of widely varied 
kinds. There are microorgani.sms and 
macroorganisms belonging to the plant and 
animal kingdoms, and of each there are nu- 
merous species. 

Plankton, The basic food supply of 
living organisms in the ocean consists of 


phytoplankton, the collective name for sim- 
ple-structured plants which convert inor- 
ganic matter into the organic matter of 
their bodies. Associated with these mi- 
nute plants are plankton animals, the zoo- 
plankton which feed upon the plants. 
These plants and animals, many of them 
microscopic in size, together with eggs and 
larval forms of larger animals, passively 
float and drift, forming in some sea areas 
fabulously rich assemblages of marine life. 

The productivity of plankton is affected 
by many factors of which light, ocean cur- 
rents, vertical mixing, and chemical content 
of sea water are recognized as important 
and interrelated. Since sunlight is the 
source of energy for the jflioto.synthesis 
performed by the phytoplankton, these 
plants are confined to depths of less than 
600 feet, where light can penetrate. Sur- 
face currents and vertical mixing arc impor- 
tant factors in the presence of plankton as 
they help provide nutrient salts necessary 
for plankton development. Nitrates and 
phosphates are among the nutrient salts 
necessary to the favorable development ol 
plankton. 

1’he rate of growth and reproduction of 
plankton, other things being equal, 'seems 
to be accelerated along coasts where rivers 
pour in nutritive salts, and where opposing 
currents lead to the npwelling of large 
quantities of salts which would otherwise 
remain at greater depth. Thus, the con- 
tact zone between wann and cold currents, 
especially on or near continental shelves 
(see page 278, and Physical Map of the 
World), are particularly productive of 
planktonic life. This is the case off Japan, 
where offshoots from the warm Japan 
Current (Kuroshio) and the cold Oya.shio 
intermingle and on the Newfoundland 
banks where the warm Gulf Stream and 
the cold Labrador Current impinge upon 
one another. 

Plankton is very unevenly distributed 
throughout the oceans. In general, it is 
probable that plankton is more plentiful in 
the middle and subpolar latitudes than in 
the tropics, although further study is neces- 
sary before this can be stated conclusively. 
It is clear, however, that among the richest 
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pastures of plankton are those of the cooler 
waters bathing the shores of eastern North 
America and western Europe, whereas the 
centers of the great oceans arc relatively 
bare of plankton. 

Many species of fish feed directly on 
lankton, whereas other fish live on smaller 
sh which, in turn, feed on plankton. Her- 
ring and sardines belong to plankton-feed- 
ing fish. Whales, the world’s largest 
mammals, feed upon a special plankton 
called “krill” to build up their huge bodies.^ 
Such fast-swimming fish as tunas and 
salmon, on the other hand, prey upon other 


People inhabiting rugged littoral lands such 
as Brittany and Norway have long been pro- 
ficient in testing the larder of the sea. The 
peoples inhabiting subpolar and polar areas 
where land life is not abundant must de- 
pend largely upon life of the waters for 
their sustenance. Again, where the ratio 
of land per capita of population is small, as 
in Japan, the seas assume an importance 
vital to the life of millions of people. 

Methods of fish capture. Successful 
fishing depends not only upon an ahun- 
dance of fish, but also upon the ingenuity 



Cvurtesy U. S Bureau of Ftsheru'i 
Catching fish witli a puise seme off the Alaskan coast. 


fish. But directly or indirectly, all fish are 
dependent upon plankton, and it is no acci- 
dent that the richest fishing grounds of the 
world are areas productive of plankton. 

Fish and man. The degree of popular- 
ity which fish have attained in the diet of 
man has depended upon the ease with 
which they can be procured and the rela- 
tive scarcity and abundance of other foods. 

^ Observation has established with reasonable 
certainly the belief that whales spend the breeding 
season in the more temperate and warmer waters. 
In these waters the mammal becomes lean and 
gaunt because of the dearth of planktonic life. 
Once he returns to the abundant ‘Icnll” of the polar 
seas, his parts readily become rounded. 


of man in using instruments of capture. 
The four main devices widely used are 
spears, traps, nets, and hook and line. 
Spearing fish is a rather primitive method 
which still is extensively practiced in both 
tropical and polar regions. Traps, includ- 
ing pound nets and weirs, are used in shal- 
low waters in many parts of the world and 
in some areas account for a considerable 
part of the catch. The bulk of the com- 
mercial fish is secured by means of hooks 
and lines, and by various forms of nets such 
as trawls, seines, and drift nets. 

The particular method used depends on 
the habits and the habitat of the fish sought. 
Pelagic fish, living near the surface of the 
water, are caught largely by drift nets and 
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seines. Drift nets, which are used in many 
different lengths, are attached to slowly 
moving ships or floating buoys and kept 
vertical by means of weights placed along 
the bottom edge. The mesh is of such size 
that the fish is able to push its head 
through, but not its body; the gill covers 
are caught and the fish can neither pull his 
head back nor pull his body through the 
net. Herring, mackerel, and pilchards are 
among the fish caught by this method. 
Seines are of many varieties and designs, 
but most of them consist of a large net 
which is used to surround a school of fish. 
Gradually the ends of the n(*t are drawn 


in some cases as much as a hundred feet 
long, is the more popular gear for demersal 
fishing. This huge bag is dragged slowly 
along the sea bottom by powered vessels. 
The trawl does well where the sea bottom 
is smooth, but it cannot be used successfully 
where the bottom is rugged or rough. 

The capture of fish on the high seas has 
been encouraged since the early 1930’s by 
the development of modern, highly mech- 
anized factory, or mother, ships. These 
ships with their auxiliary boats form highly 
mobile and versatile units which i*an fol- 
low schools of fish for long distances. 
The\’ have h(H*n used in the salmon and 



closer together, until a large number of 
fish are c'aught and may be removed either 
by hand or by lifting the net and its catch 
out of the water (lllus. p. 277). This 
method may be carried out partly on land 
and partly on the water, or entirely in the 
water with the aid of small boats. 

Demersal fish which live near the sea 
bottom of the continental shelves, usually 
at depths of 200 feet or more, were formerly 
caught by liners, extended ropes from 
which small lengths of cord and baited 
hook were attached at regular intervals. 
In places where the sea bottom is irregular 
this system is still in vogue, but the modem 
trawl, a large net of flattened conical shape, 


crab fisheries of the Pacific, for canning, 
and ill the tuna fishery, for freezing. 

The major fishing areas. The four 
leading fishing areas of the world are: (1) 
the seas bordering central and northern 
Japan and eastern China, Korea, and the 
Soviet Union in the northwest Pacific; (2) 
the great fishing banks of the Atlantic off 
the coast of Newfoundland and New Eng- 
land and the shallow coastal waters south 
along the east coast of the United States; 
(3) the extensive shallow waters off the 
coast of northwest Europe; and (4) the 
Pacific coast of North America from Alaska 
to California (Ulus, above). Each of these 
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areas supports large fishing fleets and has 
fishing industries employing thousands of 
people. From each the catch serves as 
an important food supply and provides a 
commodity of great commercial v alue. 

The Northwest JPacific. Of th(' large 
prewar powers, japan was most directly 
dependent upon the sea. The total land 
arc'a of japan proper is about 147,000 
square miles, or less than that of the state 
of California. Because of ruggedness 


teiiance of abundant marine life in the 
numerous inter-island straits and seas, and 
although the c'ontinental shelf surrounding 
Japan itself is narrow, near by are the ex- 
tensive areas of shallow water which bordei 
the Asiatic mainland (Ulus. p. 278). 

In prewar years, the total quantity of 
marine products from fishing operations 
based on Japan proper far exceeded that 
of other C'ountries and accounted for about 
20-25 per cent of the world's total. Dur- 
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Catch of sardines landed at Koinogawa Fish Market. 


throughout most of the area and unfavor- 
able climate in some parts, only 16 per cent 
of the land is cultivated. Since the total 
population is approximately 78,000,000, 
there is an average of more than 3,000 per- 
sons for every square mile of land culti- 
vated. 

Japan, however, as an island nation in the 
midst of a prolific sea area, occupies a 
strategic position for fishing. The mixing 
of the warm waters of the Kuroshio and the 
cold waters of the Oyashio favors the sus- 


ing the period 1931-1938, these fisheries had 
an annual production which varied from 7.7 
billion pounds to 10 billion pounds.- The 
fisheries engaged more than 350,000 boats 
and about 1,500,000 people, full or part 
time. 

Japanese fishing was largely concentrated 

^ Thi.s includes only the fishing based upon japan 
proper. If former empire areas are inclucied, 
Japan’s production amounted to 30-35 per cent of 
the world’s total and ranged from 10 7 to 152 
billion pounds in the period 1931-1938. 
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in the coastal waters of Japan, the Pacific 
waters east of the islands, and in the near-by 
Yellow and China seas, along the coasts of 
Korea and Karafuto and around the mar- 
gins of the Okhotsk Sea, although its fleets 
operated in many other parts of the world. 
In the northern waters herring, cod, salmon, 
and crab were among the important species 
taken, whereas farther south, sardines, 
bonito, tuna, mackerel, and yellowtail ac- 
counted for large catches. Shellfish, crus- 
tamins, molluscs, and seaweed also consti- 
tuted part of the Japanese production (II- 
liis. p. 279). 

Fishery products form an important part 
of the Japanese diet and the people have 
few fish prejudices. Markets in Tokyo and 
other Japanese cities offer such delectables 
as octopi, squid, sea urchin, seaweed, and 
whale meat in addition to the types of sea- 
food c*onsidered palatable by Americ'ans. 

That the sea is a generous provider to 
these islanders is illustrated by a practice 
very common in the seaside towns along the 
coast. When the tide ebbs, many of the 
poor men, women, and children flock to 
the shores with sticks and vessels. Every 
objc'ct with a spark of life, particularly 
.shellfish and crabs, and also bits of sea- 
weeds, are gathered. 

In the light of these facts it is not sur- 
prising that Japan should have evolved a 
folklore and religion in which fish play a 
part. Among the seven deities worshiped 
by most Japane.se and particularly remem- 
bered at New Years is Ebisu, the deity of 
the fishermen who carries a fish under one 
arm and holds a fishing pole in the other 
hand. Dried bonito sticks are presented 
to friends as tokens of congratulation on 
.such ot'casions as the birth of a child, a 
marriage, or success of any kind, and a fish 
symbol is used on the boys’ festival day 
celebrated each year. 

While still one of the world s leading fish- 
ing nations, as a result of its defeat in the 
recent war Japan lost some of the grounds 
formerly utilized by its fishermen. The 
rich salmon-crab area of the north, and part 
of the trawling grounds to the west, are 
now closed to uie Japanese, 

Although Japan formerly dominated the 


fishing of the Northwest Pacific, the Soviet 
Union, Korea, and China are important pro- 
ducers in the waters bordering their coasts. 
Some of the fisheries formerly worked by 
Japan may serve to increase their catches 
in th(* future. 

The Atlantic Fisheries of the United 
Staines and Canada. The development of 
colonial America was aided greatly by the 
wealth of fish found in the shoal waters 
of the North Atlantic. Colonial New Eng- 
landers were confronted at the outset with 
the dilfieulties of preparing the forest-clad 
and boulder-strewn land for tillage. Agri- 
culture in most j)laces involved much labor 
and brought small returns. With an abun- 
dance of timber available, the settlers soon 
mastered the art of building fishing smacks 
by which the sea was made to supplement 
the food supply wrung so laboriously from 
the land. 

The banks off the coast of New England 
and Newfoundland constitute the major 
part of another of the four principal fishing 
grounds of the world. I’hey extend from 
Nantucket to the eastern coast of New- 
foundland, a di.stance of about 1,100 miles, 
varying in width from 50 to 250 miles. 
(See Map, page 278.) The more ifnpor- 
tant are; the Grand Banks, southeast ol 
Newfoundland, with an area of 37,000 
square miles; the Sable. Island Bank, south- 
east of Nova Scotia, with an area of 7,000 
square miles; and the Georges Bank, im- 
mediately east of Cape Cod, with an area of 
8,500 square miles. As a whole, they are 
the foremost cod and haddock grounds of 
the world. Great numbers of American, 
Canadian, British, French, and Portuguese 
fi.shing vessels frequent them regularly. 
Although cod and haddock are the major 
species caught, herring, mackerel, flounder, 
and other species are also taken. 

Menhaden, a migratory fish caught from 
Maine to Florida, is of major economic im- 
portance, leading by volume in 1946 all 
other species in the United States catch. 
The greatest quantities are secured in the 
waters bordering the Mid-Atlantic states, 
Virginia and North Carolina. Since the 
meat is relatively unpalatable because of 
its high oil content, it is not in demand as 
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food but provides oil and meal. The oil is 
extracted for use in the manufacture of soap 
and paints and the meal, produced in the 
same operation, is used as a fertilizer and 
an ingredient in animal and poultry feeds. 

Fisheries of nortitwest Europe. The 
people inhabiting the coastal areas of north- 
west Europe have engaged in ocean fishing 
since early historic times. Not, however. 
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(A.) Hamnierfest, Norway. Lapp.s in the .small 
boats in foreground engaged in fishing for subsist- 
ence pnrp().se.s. Larger boats belong to the com- 
mercial fleet. 

until about a.d. 1400, after the Hollanders 
had devised improved methods of curing 
herring, did the fishing industry become of 
commercial importance. The location of 
Holland on the North Sea and on the Rhine 
made it easy for the Dutch to procure fish, 
especially herring, and, after curing them, 
to sell them to the people of neighboring 
countries. This export trade eventually ex- 
tended .so far southward as to include even 
the Mediterranean lands. So profitable was 


this traffic and the trade in other products 
which developed in connection with it that 
it gave rise to the well-known adage, “The 
city of Amsterdam was founded on the 
bones of herring.’' The renowned Dutch 
navy of the se\'enteenth century and the 
extensive trade of the Netherlands were 
merely children grown to maturity in an 
environment which stimulated their de- 
velopment. The vast colonial possessions 
of the Netherlands can be considered an 
indirect heritage from the North Sea fish- 
eries. 

England, too, adjoins the North Sea. 
While despotic kings thwarted for centuries 
the development of the fishing industry, 
when this restraint was removed the British 
fisheries soon exceeded those of the Nether- 
lands. The continental shelf, of which the 
British Isles are an exposed portion, is un- 
usually wide off the western European 
coast and includes practically all of the 
North Sea as far as the Shetland Islands. 
(See Physical Map of the World.) These 
shallow waters, extending from the Bay of 
Biscay to beyond the Lofoten Islands olf 
the Norwegian coast, together with those 
around Iceland, have given rise to some of 
the most intensive fisheries of the world. 
Collectively the production of the United 
Kingdom, Norway, the Netherlands, Bel- 
gium, Denmark, Sweden, Germany, France, 
and Iceland averaged about 8.5 billion 
pounds in the prewar period. 

The principal fishing grounds are found 
in the North Sea, the Dogger Bank and the 
Great Fisher Bank being the most impor- 
tant producing areas (Ulus. p. 278). 
These waters are unusually rich in plank- 
ton, owing to the combined effects of sev- 



( B. ) Production of salmon and tuna fisheries of U. S. A. since 1930. 
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eral factors: (1) the shallowness of the great area of production is the west coast 
North Sea; (2) the vertical circulation of North America from Alaska to California, 
caused by the slow cooling of the waters of which has high rank chiefly because of 
a branch of the Gulf Stream Drift which salmon, pilchard, and tuna fisheries, al- 
enters the North Sea between the Shetland though halibut and other species are taken 
and the Orkney Islands; and (3) the inten- in sizable quantities (Ulus. pp. 278; B, 281). 
sive mixing which results from strong tidal Salmon, with an annual pack averaging 
currents, the entrance of waters of low 388 million pounds in the period 1936- 
salinity from the Baltic, and the entrance 1945 and valued at 55 to 70 million dollars 
of fresh waters from many rivers. Pelagic annually, has long dominated these fisheries 



Cnurtpfty V. S liurcan oj Fisheries. 
One of the numerous salmon canneries on the coast of Alaska 


fish, such as herring and mackerel, wax fat 
on this plentiful plankton diet. The her- 
ring in turn are pursued by hungry cod, 
haddock, shark, and dogfish. 

Grimsby, England, is one of the world's 
greatest fishing ports, perhaps the greatest 
in the \'ariety and value of fish landed. 
Other fishing centers of importance on the 
North Sea are Yarmouth, Hull, Aberdeen, 
and Bergen. Billingsgate, on the Thames 
in London, is the most famous fish market 
in the world. 

Northeast Pacific Fisheries. A fourth 


shared by the United States (including 
Alaska) and Canada. 

The life habits of salmon render them 
easy prey to large-scale methods of fishing. 
As fingerlings they leave their first habitat 
of mountain lakes and streams and proceed 
downstream to the sea. After about three 
years they return for spawning in the fresh 
waters of their nativity. These returning 
hordes of salmon going up some of the 
major streams can readily be caught by 
machine methods. The catch is eflBciently 
handled by the numerous canneries which 
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have been established along the inlets and 
lower stream courses from Alaska to Ore- 
gon (Ulus. p. 282). 

In many places the activities of man have 
jeopardized the life of the salmon. Some 
of the coastal streams of our Pacific states 
ha\x‘ been diverted for irrigation purposes, 
and ill some, high dams have been con- 
structed for the development of electrical 
power. In cither case the return of the 
salmon to their upstream habitats has been 
made more difficult. Lumbering activities 
have frequently choked the streams, and in 
such instances, likewise, the return of the 
salmon has been rendered nearly, if not 
completely, impossible. Furthermore, the 
reckless catching of all fish possible, with- 
out regard to effect on spawning and repro- 
duction, has led to serious depletion of sup- 
ply. Small salmon runs have awakened the 
respective governments to the dangers of 
continued depletion, and by international 
agreement conservation nu^asures have 
been instituted to protect the salmon from 
ruthless and destructive exjjloitation. 

California, the foremost fish-canning 
state, had a fish pack valuc'd at more than 
50 million dollars, of which sardines (pil- 
chards) and tuna constituted the major 
part. Pilchards are plentiful in winter, 
whereas tuna are taken in greatest quanti- 
ties in oflF-shore waters during the summer 
months. Therefore, many firms have 
found it advantageous to can both kinds, 
keeping their plants in operation through- 
out most of the year. 

The deeper water on and beyond the con- 
tinental shelf off Ala.ska and British Colum- 
bia contain the bc\st halibut-fishing grounds 
of the world. These fisheries were carried 
on so vigorously in the past that their 
productivity declint'd. With international 
regulation since 1930, however, they have 
revived, and in 1946 production passed 60 
million pounds for the first time since 1917. 

Tropical fisheries. When a jet-black 
head splits a wave in the Polynesian waters 
and a Tahitian boy emerges with a squirm- 
ing miniature devilfish, what is the figure 
that shall be entered on the world ledgers 
of values? Millions of tropical people sus- 
tain themselves by the wealth of marine 


life that teems in the waters about them. 
To estimate the amount or values of such 
catches is impossible. 

The tropics contain no great commercial 
fisheries. This is due in part to the lack of 

S eat populations to produce heavy demand 
r marine foods. It is also possible that 
warm seas do not support as much plankton 
as do those of higher latitudes. Tropical 
fish seem to be characterized by more spe- 
cies but less numbers of any one species 
than is true of fish of cooler waters. From 
the standpoint of commercial exploitation, 
this is a disadvantage. It is held by some 
that tropical and subtropical fish are soft 
and not as palatable as fish of colder waters. 
While this may be true of certain species, 
many others are fully equal in texture and 
flavor to the popular fish of the northern 
seas. 

Tlie fish res()ur«*s of lower latitudes have 
not been greatly exploited because of their 
distances from large market centers, dif- 
ficulties incident to the preservation of fish 
in warm climates and t'ompetition with a 
rather plentiful supply in northern waters. 
A population faced with a problem of 
greater food economy, or one seeking 
greater varieties of palatable foods, would 
readily ovfTcome these difficulties. 

The whaling industry. Although 
whales have attracted attention ever sina* 
man began to sail the seas, for centuries the 
animal was considered chiefly as a curiosity 
and a fit subject for tall stories. Evt*ntually 
whale oil, derived from the thick coat of 
blubber which protects this warm-blooded 
animal from the coldness of the water, was 
found to be well adapted for use in lamps. 
The demand thus aroused initiated the hunt 
for the whale. Small shore boats were 
launched in charge of courageous men 
equipped with simple lances and spears. 
At first casualties were more often on the 
side of man than on that of the whale, but 
the prizes were such as to be highly profit- 
able for those who survived. 

During the nineteenth and early twen- 
tieth centuries the Norwegians, British, and 
Americans prosecuted the industry vigor- 
ously and persistently. In all the oceans 




Courteiilj V. S. Bureau of Futhrncs. Photo by 11. }. Chnf,1offcrs 
Part of the seal lierd on one of the Pnbilof Islands. 

ing expedition of today consists of a factory and remain for a few months while the 
vessel accompanied by several high-pow- young, known as pups, are born and grow 
ered catcher boats each equipped with har- large enough to swim into the ocean with 
poon guns. Aboard the factory ship the their mothers. When the migration is on, 
whales are processed into oil, meal, meat, the males reach the rookeries first. Later, 
and other products, oil generally being the by a few days or weeks, when the females 
major and most valuable product. Hydro- arrive, the males engage in fierce combat 
genated whale oil is used in margarine and for their possession. The size of the harem 
other grades are used in the manufacture of assembled varies from five to fifty, depend- 
soap, glycerine, varnishes, glue, and other ing largely upon the pugilistic ability of the 
products. males. The cows soon give birth to single 

Efficient modem whaling methods which pups, the numbers of each sex being about 
can achieve large catches within relatively equal. Since the harem system prevails^ 
short periods of time have made it im- an excess of males soon accumulates. 


of the world the whale has been pursued to 
the point of extermination, except in the 
distant Antarctic waters, the ice-fringed 
“bottom of the world,” which remains as 
the last haven of refuge for this largest of 
mammals. Here the British, Norwegians, 
Germans, and Japanese have been the ma- 
jor participants in whaling since 1930. 

The whale hunt of the Southern latitudes 
is a modern industry with techniques con- 
siderably advanced over those of the nine- 
teenth century when the American whalers 
were in their heyday. An Antarctic whal- 


perative to regulate catches so that whaling 
can remain a profitable industry. Since the 
1930s whaling has been regulated inter- 
nationally, although prior to the war Japan, 
one of the whaling nations, was not a party 
to the conventions. 

Vur seals. Seals also are marine re- 
sources which have great economic signifi- 
cance, the Pribilof Islands off the coast of 
Alaska being the chief center of the fur-seal 
industry. There, each year, many thou- 
sands of seals gather from distant waters 
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These bachelors, as they are called, are not 
permitted by the “harem master” to disport 
themselves in the immediate vicinity of the 
breeding grounds. Hence they assemble 
on what is termed “hauling grounds” ( Ulus, 
p. 284). It is from among these bachelors 
that the United States government officials 
select animals for killing. This practice 
supports a flourishing industry and at the 
same time provides for an increasing seal 
population. 

The story of the seal industry is one of 
exploitation, depletion, and then conserva- 
tion. It is a story of wanton destruction 
which occurred chiefly during the nine- 
teenth century. Before the slaughter 
began, the seal population of the Arctic and 
Antarctic waters was e.stimated to be in 
excess of 10,()()0,000. Before the close of 
the century, the Antarctic grounds ceased 
to be of coinm(*rcial importance. The 
number of seals in the Arctic waters was re- 
duced to a few hundred thousand or con- 
fined almost exclusively to the American- 
owned Pribilof Islands. Althotigh the 
government at the clo.se of the nineteenth 
century was putting forth strenuous efforts 
to consen e the seal herd, it was confronted 
with a difficulty arising from the peculiar 
habit of the seal to spend the greater part 
of the year in the high .seas. Here pelagic 
sealing was prosecuted with vigor by 
Japanese, Bussian, English, and American 
ships. 

Tile United States government, however, 
persisted in its treaty-making attempts, and 
an agreement was signed in 1911 by the 
United States, Great Britain, Russia, and 
Japan which prohibited pelagic .sealing. 
In 1912 the size of the Pribilof Islands' seal 
herd was about 216,000; by sound conserva- 
tion and management practices the herd 
has now increased to more than 3,600,000. 
Although Japan abrogated the treaty in 
1942, the herd is still protected under a pro- 
visional agreement signed by Canada and 
the United States in 1942. The total “take” 
during the 1947 season was 64,523 skins, 
and tne 1947 fall auction, one of two held 
annually, yielded gross proceeds to the 
United States government of more than 
$1,470,000. 


Other marine products. Many other 
products, of varying significance, are or 
may be derived from the sea. Among the 
more outstanding ones the following de- 
.serve mention; salt, obtained from sea 
water; iodine and potash, derived from sea- 
weeds; leather, from the hides of marine 
animals; agar-agar; pearls; corals; oysters; 
clams; shrimps; crabs; lobsters; and sponges. 
The total \’alue of all these major ana minor 
products of the seas and oceans of the 
world cannot be computed with any high 
degree of accuracy. Nevertheless, it is evi- 
dent that the direct economic importance 
of the ocean as a provider of foods and raw 
materials is tremendous. 

The future of the fisheries. The future 
may bring expansion of fi.sheries produc- 
tion. This may be aec‘omplished in three 
ways: (1) extension of operations to areas 
which at present are only partially utilized, 
such as the seas of the coasts of Uniguay 
and Argentina, or c*(Ttain areas off the west 
mist of Africa; (2) more intensive use of 
present important fishing regions, in many 
ca.ses by utilizing new species; and (3) 
greater use of the catch by eliminating 
much of the waste which occurs under pres- 
ent methods through spoilage or the throw- 
ing back of edible but not desired .species. 
But accompanying new production will also 
be problems of con.servation, the need tor 
which has already beim felt in many of the 
important fisheries of the world. 

The wealth of the sea is large, but it is 
not inexhaustible. With mouem fishing 
gear such as mechanized trawlers, large 
purse seines, harpoon guns, and factory 
.ships, diminishing catches have been un- 
mistakable in some fisheries. Conserva- 
tion can in some cases be achieved by in- 
dividual nations, but because of the inter- 
national nature of most fisheries joint action 
by various nations is necessary for the solu- 
tion of larger problems connected with the 
preservation of sea resources. 

Some noteworthy achievements have 
been made toward conservation through in- 
ternational regulation. A successful ex- 
ample is that of the International Commis- 
sion for the conservation of the halibut 
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fishery of the Pacific. In Europe, where 
many nations are engaged in fishing, it has 
been possible to obtain agre(*ment on uni- 
form mesh regulations and size limitations 
for fish in the North Sea Conventions of 
1936, 1943, and 1946. Many other fish- 
eries, howevcT, which show indications of 
reduced production, probably need regula- 
tion in order to achieve sustained yields. 
Better conservation of fishery resources 
of the sea is urgently needed, especially in 
the long-used fishing areas. Unfortunately 
the problems involved are extremely a)m- 
plex, and despite the intensive investigations 
that have been conducted in specific locali- 
ties, our knowledge of the facts which are 
fundamental to sound management is still 
fragmentary. 
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Chapter Eighteen 


MINERAL RESOURCES 
ESSENTIAL TO INDUSTRIAL PROGRESS 


IX KAIUJFR CIIAP1FRS WK IIAVK PAID 

lioinage to tlic land as tlic home ol man. 
Attention was called to difl(‘renees in 
thought and attitude evoked hv the term 
latic/ as used by people under varied cir- 
eumstanees. In Iowa, the tend(*ney is to 
think of land as fost<Ting gn^at fields of 
tall corn; in Arizona, people think of land 
in terms of mining, colorful and majestic 
scenery, or irrigation; and in New England, 
land is thought of as eliaract<Tized by 
forested hills and rocky shores. The sons 
of the cattle ranchers of the Gn^at Plains 
hav e a concc*pt ol the land in terms of grass, 
extended horizons, and great distances, 
whcTcas the sons of miners think of the land 
in terms of hidden stores of wealth obtain- 
able through .shafts and tunnels. 1'hus, 
whih* the term l(/ncl may be defiiKxl as “the 
exposed surface of the lithosphere,” its 
connotation to people who Iiv(* under differ- 
ent environmental conditions varies widely. 

In some places land presents a barrier to 
be overc'ome, as, for instance, a ridge or 
mountain to be penetrated by a tunnel or 
laboriously crossed by winding trail or zig- 
zag highway. Elsewhere, land is truly the 
Mother Earth, whence, through tillage and 
pastoral agriculture, food tor sustenance 
will be produced. 

Since the significance of the land in pro- 
viding food supply is recognized as being 
supreme,' ’several chapters in this book are 
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devoted to the productivitv of the land 
under different climatic conditions. How- 
ever, an additional aspect must be recog- 
nized if we would view the subject more 
broadly, because land implies subsurface as 
well as surface chaiacteristics. The content 
of the land in terms of minerals and rocks is 
important in relation to soil-buildiiig mate- 
rials, power resources, and ores of industrial 
significance. 

The content of the land. In a bmad 
sense, th(* upper zone of the land, known as 
the soil, may lx* said “to have (*verything” 
because it is made up of mineral and or- 
ganic materials l(*eming with life. Al- 
though loos(»ly spoken and p<*rhaps lacking 
in .scientific precision, tlu* common expres- 
sion “the uppcT twelve inches of soil is the 
most dcns(‘ly inhabited zone on earth” r(‘p- 
re.sents truth vividly stated. The diversity 
of mineral content and the wealth of minute 
life forms make it so. Since this phase of 
the land is basic to agricultural productivity, 
it has be‘en dealt with in connection with 
our discussion of climatic and agricultural 
regions. 

As we move toward higher standards of 
living, there are, however, other aspects of 
the land that must be considered and that 
should be understood if we are to interpret 
with some degree of accuracy the progress 
of industry in relation to present problems. 
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These aspects refer to the mineral resources 
which provide the power and the means for 
harnessing it whereby man has become a 
mimger of energy obtained from mineral 
sources rather than a source of energy to 
accomplish the manual labor of production. 
Whereas primitive man must depend on his 
own in(*ager supply of energy to produce 
his food, shelter, and clothing, in the mod- 
ern industrial world man does his work by 
directing the flow of energy from coal, 
petroleum, gas, and water power. It is 
only through efficient production that a 
high degree of pn)sperity may be attained, 
and efficiency is dependent on power har- 
nessed by machinery and directed })v hu- 
man ingenuity. Thus, at the outset, let us 
see clearly the three great essentials for 
industrial progress and potentially high 
standards of living: (1) sources of energy 
available for conversion to power; (2) 
mineral resources, such as iron and copper, 
whereby power may be harnessed to do the 
work of production; and (3) directive 
genius for a)nverting the raw materials 
into the finished commodities needed and 
enjoyed by man. The last named is usually 
termed the human factor. Availability of 
material resources is of little significance 
where man fails to do his part, but likewise 
the human factor is useless if the funda- 
mental resources cannot be had. Over the 
earth man varies greatly in his ability to 
devise, invent, and direct industrial proc- 
esses. Likewise the store's of available re- 
sources vary widely over the earth. The 
greatest progress has been made where man 
has shown inventive and industrial adept- 
ness, and where power resourc'es and indus- 
trial raw materials have been available. 
Since these occur irregularly over the earth 
rather than in large continuous areas or 
broadly banded zones, localized centers of 
industrialization and congested population 
have developed in connection with eco- 
nomic exploitation. Countries favored by 
numerous and varied centers of such re- 
sources, and where man has shown the 
needed initiative, have attained leadership 
in industrial and military strength. Let us 
therefore try to analyze more closely the 
basic phases of natural resources which 


appear to play such an important role in the 
world today. 

Minerals and rocks as economic re- 
sources. The distinction between rock and 
mineral in a strict sense was clarified earlier 
in this treatment. (See Chapter Three, 
pp. 28-29. ) We need now to be reminded 
that while the total number of known mine- 
rals is large, the number of high importance 
from a geographic point of view is small. 
They may be classified into three groups: 

(1) minerals great in importance because 
they make up most of the common rocks 
used in constniction and likewise ha\ e di- 
rect relation to soil content and structure; 

(2) minerals important as such without 
complicated proc'esses of manufacture; and 

(3) minerals which constitute raw mate- 
rials for manufacture into products vital to 
industry. The metallic ores are the chief 
representati\'('s of the latter group. 

Tlie minerals which are particularly sig- 
nificant as major constituents of the com- 
mon rocks include quartz, feldspars, horn- 
blendes, micas, calcite, and kaolin. Each 
of these has uses in th(' industrial arts ‘also 
ai»d is therefore of direct economic im- 
portance as well as being an important rock 
c*onstituent. In tin’s discussion we do not 
attempt to describe completely each min- 
eral treated; only such phases are presented 
as have a direct bearing on the use made of 
the mineral. 

Rock constituent minerals: Quartz. 
The most common kinds of quartz are 
known as milky, smoky, or rose ejuartz, 
quartz crystal, agate, jasper, amethyst, 
and opalized wood. Although they differ 
widely in appearanc'e, they have the com- 
mon quality of a degree of hardness (7) 
that usually scratches glass and they are 
relatively insoluble in water or weak acids. 
They all have as their essential chemical 
constituents silicon and oxygen in the ratio 
of 1 to 2 and are therefore designated by the 
symbol SiOo. Because of contained im- 
purities they may differ considerably in 
color and in physical properties suen as 
crystallization. While quartz does not de- 
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cay readily, it shatters under the influence 
of temperature changes; that is, it suffers 
disintegration rather than decomposition. 
Upon disintegration the resultant small par- 
ticles are commonly known as “grains of 
sand.” Although it is not the exclusive 
constituent of sand, it is generally the most 
(ommon one. 

In the soil, quartz serves its most useful 
purpose in providing body and friability. 
Because it lends to produce relatively open 
texture, it facilitates the ready movement of 
ground water and aeration, and thus the 
physical condition of the soil is made much 
more favorable for the penetration of plant 
roots and for cultivation than would other- 
wise be the case. 

Natural abrasives are chiefly silica and as 


abrasixes arc used to grind and polish 
smooth surfaces in nearly all machinery 
where moving parts arc involved. Without 
these finishing touches the machine age, 
with its recognized significance for efficient 
mass production, would be of little conse- 
quence. Quartz, as one of the most essen- 
tial of the abrasives, thus has industrial im- 
portance of its own as well as importance as 
a rock constituent (see Ulus, below). 

Quartz owes its high importance as a 
building material to its being the principal 
constituent of sand. The sands used in 
plaster and concrete work must withstand 
the influences of the weather and lend them- 
selves readily to induration by cement. 
These functions are effectively served by 
quartz sand. 



Natural abrasives produced in the United States in 1946. Silica is the principal constituent of each of 
the kinds shown. Quantities vary but proportions remain similar in different years. 


such give rise to widespread use of various 
forms of quartz. The terms by which these 
forms are Known in the trade include tripoli, 
ground sand and sandstone, pumice, diato- 
mite, and others. In the United States, the 
sales of crude quartz, including the mineral 
in crushed and ground form, ordinarily 
vaiy from 40,000 to 100,000 tons per year, 
ana those of ground sand or sandstone aver- 
age about 550,000 tons yearly. Illinois, 
New jersey, Ohio, and Pennsylvania rank 
high in output of ground sand and sand- 
stone, whereas the states bordering the 
Pacific lead in output of crushed and broken 
quartz. Massachusetts, Maine, and North 
Carolina likewise market sizable amounts of 
crushed or ground quartz annually. The 
importance of the abrasiv^e industry in our 
economic life is emphasized by the fact that 


Feldspars. The term feldspar has come 
to us almost unchanged from the German 
and means “rock of the field,” thus indicat- 
ing its common occurrence in some places. 
It should be thought of not as a single min- 
eral but as the designation of a group of 
minerals which have similarity of chemical 
and physical properties. 

The feldspars are quite brittle, have 
cleavage in two planes, and break with an 
uneven surfac*e. Because of impurities they 
have different colors, usually varying from 
a light flesh color to brick red. They are 
not quite so hard as quartz. 

As shown graphically in Ulus. A, p. 290, 
North Carolina and South Dakota are the 
leading states in the mining of feldspar and 
are followed by Colorado, Virginia, and 
Wyoming. Usually feldspar is mined in 
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(A.) Production of fcldsjiar, principiil producing states Average .ininial tt)tal for United States during 

tlie same pt'riod was 362,000 long Ions 


from twelve to sixterui state's, but tlie states 
named provide the major part of the out- 
put. Tlie leddspar from the mines is lor 
the most part sold to merchant mills for 
sorting and grinding, and by them is sold 
to the factories that make use of feldspar 
in the manufacture of various products. 
Ordinarily the ceramic industries use more 
than 90 per ce'iit of the total output, with 
glass accounting for 60 to 65 per cent of 
the total, followed by pottery with about 30 
per cent, enamel with 2 to 5 per cent, and 
soap and other chemical outputs with 1 to 
2 per cent. Tlie finest and most carefully 
selected and prepared ground feldspar is 
used in the manufacture of artificial teeth. 

The feld.spars, not so resistant to weather- 
ing as is quartz, break down by decompo- 
sition and disintegration. The principal 


products of decomposition are clay, sand, 
and .soluble salts; therefore, feldspar is of 
great hnportanct' in the fonnation of .soils 
because it is one of the principal sources of 
mineral salts essential in the soil as plant 
foods. 

The llnited States produces by far the 
major portion of the world's reported out- 
put of feld.spar. Howe\'er, sizable quanti- 
ties an' produced also in Canada, Sweden, 
Norway, Cierniany, and France, with smaller 
production locally important in uumerous 
other countries. Like quartz, the feldspars 
owe their importance* to their signific’ance as 
amstituents of coimnon rocks and as ma- 
terials for indu.stry, particularly the ceramic 
and chemical industries (see Illus. below). 

Mica. The tc'rm micdy also, is used for 
a group of rock minerals rather than for a 



(B.) Production of feldspar, five leading producing countries, annual average 1936-1940. How does one 
account for the unmsputed leadership of the United States? 
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single kind. Tlic micas are characterized 
by almost perfect cleavage in one direction 
and by the thinness and the flexibility of the 
sheets into which their cleavage permits 
them to be split. They vary in color from 
transparent to black. 

Where exposed to weathering, the micas 
break down into small, flaky particles, but 
as such they withstand decomposition re- 
markably well. Small mica flakes are c‘om- 
mon in many of the rocks which have 
resulted from the deposition of sands and 
muds, and they can often be recognized in 
the soil by their lustrous, shining, and flaky 
properties. The* great (wpansion of the 
electrical industri(‘s during the past two 


In this eoiintry. New Hampshire long 
held the lead as a producer of .sheet mica, 
but North Carolina has forged ahead in 
recent years. The bulk of the American 
mica production consists of scrap mica used 
in ground form for roofing material and in 
the paint industry. The roofing and the 
paint industries together use from 65 to 75 
j^er cent of the total output. Ground mica 
is sprinkled on roofing material before roll- 
ing to prevent sticking of the layers in the 
rolls, and lor the same purpose it is exten- 
sively us(‘d as a tire powder. It is used also 
as dec‘orati\'e material on wallpaper, as 
“snow” for (Jhristmas tret\s, and for decora- 
tive purposes in shop windows, as well as in 



Mica proiliictioii of tlic fi\(* leading producing countries, 1941-1946 annual average. Tlie iniea out- 
pul of the llnited .States is ol the scTap iiiica type and therefore slieet mica is imported cliiellv from Can- 
iida and India. 


decades has been tin* principal cause of the 
increased production and utilization of the 
variety of mica known as muscovite. The 
unusual combination of physical properties 
which characterizes it, namely its transpar- 
ency, elasticity, high dielectric strength, and 
perfect cleavage, make this mineral indis- 
pensable in the manufacture of many types 
of electrical equipment. Another of the 
common varieties of mica is known as 
biotite. The high iron content which gives 
this variety its dark, almost black color 
impairs the dielectric quality, and the 
mineral is therefore not suitable for electrical 
insulation purposes. However, it is used 
where insulation against heat transfer is de- 
sired and, because of its resistance to decom- 
position and rapid disintegration, it is also 
used in connection with artificial roofing. 


the movie industry. During the pa.st two 
decades the amount of scrap and ground 
mica .sold in the United States has more than 
quadrupled. 

Although the United States is the world's 
foremost producer of mica, domestic pro- 
duction is insuffident to satisfy the indus- 
trial needs, chiefly because this courttry does 
not produce sheet mica of sufficiently high 
quality. Imports have generally come from 
India, Canada, and Brazil. At present, 
mica mining is assuming importance in the 
Soviet Union and the Union of South Africa, 
and it seems probable that additional 
sourc^es will be added and will remain active 
in world markets in the near future (see 
Ulus, above). 

Hornblende. Hornblende is the most 
common of the hard, black, brittle, rock- 
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forming minerals. Its hardness is slightly 
less than that of orthoclase feldspar. It 
may be of various colors, but dark brown 
ana black occur most commonly. Horn- 
blende has no direct economic use, and 
therefore its geographic significance is 
based upon its being a constituent of sev- 
eral kinds of rocks which are used in 
crushed form for making concrete for con- 
struction of buildings and pavements. 

CALCim Calcite is one of the most com- 
mon and widely diffused minerals. Al- 
though generally found as a component in 
sedimentary roclcs, it occurs also in igneous 
rocks. The principal reason for the im- 
portance of calcite is its prominence as the 
chief amstituent of chalks, limestones, and 
marble. When pure, calcite is white or 
transparent, but as found in nature it is 
usually colored with some impurities. It 
can be scratched readily with a knife. The 
common test for calcite is its effervescence 
in cold, dilute hydrochloric acid. 

The direct economic importance of cal- 
cite is based on the optical properties of 
the crystals and on their value as museum 
specimens; for these purposes there is a 
moderate market. More important than 
the demand for calcite in its crystal form is 
the demand for the products ot the rocks — 
chalk, limestone, and marble — of which 
calcite is the principal component. 

The Most Significant 
Common Rocks 

Recognition of the importance of rocks 
and minerals in human living is indicated 
by the terminology applied to the major 
periods of man's cultural history, the Stone 
Age, Bronze Age, and Iron Age. Now the 
term Power Age may be applied to the 
present recognition of the fact that coal, 
petroleum, gas, and water are used as 
sources of energy to do work at man's 
direction. The latest source of energy to 
attract world-wide attention, uranium, be- 
longs in the same general category. It is 
worthy of note that the earliest cultural 
stage made use of the most widespread 
of the natural resources, the common min- 
erals and rocks. These, such as flint and 


quartzite, were most readily obtainable and 
could be fashioned to simple use. 

During these early times, man learned an 
economic lesson of continuing practical im- 
port, namely that with little available power 
only simple results can be obtained. The 
mineral or rock to be used had to be easily 
obtainable and of such structure and texture 
as to be readily shaped to meet the needs of 
the times. TTius the lesson of cost was 
learned, and the conclusion drawn that 
costs could only be reduced by improved 
methods of quarrying for the materials 
needed. This need was met long, long ago 
by the invention of simple levers and the 
use of the wheel. Mining and quarrying, 
from the earliest times to the present, have 
been confronted by problems of finding and 
using natural stores where most favorably 
located for winning the products needed, 
and of devising efficient means of applying 
power obtainable from energy sources other 
than man himself. 

The mineral aggregates referred to as the 
common rocks are usually classified, on the 
basis of origin, into three main divisions: 
igneous, sedimentary, and metamorphic. 
The igneous rocks presumably have hard- 
ened from a molten stage. The sedifnentarv' 
rocks consist of small rock particles which 
have been deposited in more or less regular 
beds by wind or water action. The term 
metamorphic refers to rocks that have been 
altered substantially by physical or chemical 
processes sinc'e their original formation. 
Metamorphic rocks are “changed form” 
rocks which may previously have been 
either igneous or sedimentary. 

The igneous rocks: The gran[tes. The 
mineral components of granites are essen- 
tially quartz and feldspar, and most granites 
also contain mica and hornblende. These 
mineral constituents occur in various pro- 
portions and with differences in size and 
arrangement, and as a result there are many 
kinds of granite. They occur in various 
colors, some light gray, some reddish or 
brownish, and some quite dark. The struc- 
ture is wholly cryst^line, but the crystals 
vary from large to small. On the whole, 
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(A.) Production of granite dimension stone by principal states, annual average, 1940-1945. Vermont's 
leadership is due to the output of monumental stone, a product of high \'alue per ton. 


granites are relatively durable, this being 
especially true of the finer textured varieties. 
Most of the varieties of granite are capable 
of taking a high polish and hence are in 
great demand for oniamental and monu- 
mental purposes. Although all granites are 
compact and hard, most of them are not 
too hard to be worked readily, it is therefore 
possible to fashion them into desirable 
shapes without undue expense for labor 
or equipment. 

Granites are common in nearly all moun- 
tain areas. They are widely distributed in 
the crystalline Appalachian highlands of 
eastern United States and in the western 
mountainous areas; they are also found in 
large quantities in northern Michigan and 
Minnesota (sec Ulus. p. 297). In Europe, 
the mountainous areas of Scotland, Nor- 
way, and western and northern Sweden 


produce granites that are widely known for 
their beauty and value for monumental and 
structural purposes. Granite is conspicu- 
ous also in the cores of the lofty mountains 
of southern Europe, especially in the Pyre- 
nees, Alps, and the Caucasus. 

Because of its massiveness and durability, 
granite is a favorite stone for use in masonry 
construction. It remains attractive even 
after long exposure to the devastating in- 
fluences of severe weather changes. These 
properties of beauty and durability have, to 
a large extent, caused granite to displace 
marble for monumental purposes in areas 
where the climate is such as will break 
down weaker materials. Granite should 
therefore be thought of as serving two great 
and important uses: (1) for monuments of 
beauty and durability and (2) in crushed 
form or in roughly snaped blocks for con- 
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(B.) Quantity production of crushed and broken granite by principal producing states, annual average 
1940-1945. Used mostly in construction work and roadbuilding. Note absence of Vermont from this list. 
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struction purposes either as a matrix in page 297. In value of production Vermont 
cement constmction or as dimensional is the leading state, although several other 
stone for buildings where durability is of states produce greater tonnage. Barre in 
paramount importance. The tonnage of central Vermont furnishes the most widely 
the crushed or roughly hewn granite far used monumental stone in the United States, 
exceeds that of the tonnage used for monu- The popularity of the Barre granite may be 
mental purposes, but the value of the latter attributed to its pleasing gray color, uni- 
ts the greater (see Ulus. A and B, p. 293). formity of texture and structure, massive- 
In the United States the leading granite- ness, and durability (see Ulus, below), 
producing centers are in the East, from New Massachusetts has a number of quarries 
England to North Carolina. See Map, and plants for the preparation of granite 



Cmirtesy Rock of Ages Corfioratton. 

View in one of the prominent granite quarries in the Barre district of Vermont. Note large blocks of even 
color and texture. The fluted parallel marks are made by the pneumatic drills. 
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for the trade, but those near Quincy, a 
suburb of Boston, are the most famous. 
This quarry center has been in operation 
since early colonial days. The Quincy 
granite, of attractive color and capable of 
taking a beautiful finish whether rough or 
polished, is used for construction, and to 
a lesser extent, for monuments. Maine's 
prominence as a granite producer is due 
largely to the seaside location of her quar- 
ries, which have proved to be a valuable 
source of supplies for construction materials 
needed by the eastern seaboard cities. 

Other important granite-producing areas 
are at Mount Airy, North Carolina, and near 
Richmond, Virginia, the former famous for 
its white granite and the latter for its pink. 
Stone Mountain, Georgia, is a great mass of 


fine-textured, light-gray granite, suitable 
for the work of carving attractive monu- 
mental forms. The Wisconsin-Minnesota 
area is likewise an important producer of 
granite with Montello and Wausaw, Wis- 
consin, and Ortonville, Minnesota, well 
known to the monumental stone trade. 
There seem to be continuing tendencies in 
the granite-quarrying industry for larger 
scale operations and fewer production 
plants. From 1909 to 1946 the number of 
enterprises quarrying granite in the United 
States dropped from 707 to 132, with rela- 
tively little change in the value of the total 
output. Indications arc that this number is 
still dwindling and may c'ontinue to do so 
because of the increasing efficiency of ma- 
chine methods of quarrying and of stone 



Courtesy of Associated British and Irish Trailway s, Inc. 


The Giants’ Causeway near Portrusli, Ireland, is one of the best known exposures of columnar basalt 
in the world. Because of the uniformity of shape and structures these columns were believed to have 
been the work of giants and thus gave rise to many interesting myths which are still believed true by 
some people. 
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dressing. Machinery for this purpose is 
costly and adaptable only to large-scale 
operation. The economies made possible 
by modem machinery and power outweigh 
the handicap of distance to markets, and 
this leads to the closing down of small 
(juarries where the stone is less desirable or 
where mechanical equipment is not modern. 

The basics. The igneous rocks included 
under the general term of basics are char- 
acterized by their dark color and the pres- 
ence of only a small percentage of quartz. 
The most common examples of this class 
are diabase, basalt, and various lavas. 
Basic rocks occur as prominent ridges in the 
Connecticut Valley, where they are c'om- 
monly referred to as trap. Tliey also make 
up the well-known Palisades of the Hudson 
and the trap ridges of northern New Jersey 
and eastern Pennsylvania. The most ex- 
tensive area of basics in the United States is 
the Columbia Plateau of Washington, Ore- 
gon, and Idaho. 

Because of the unattractive color, the 
demand for rock of this group is limited 
almost entirely to road-making purposes, 
riprap work along streams, and railroad 
ballast. The tonnage of annual output is 
reater than that of granites. While the 
irect industrial uses of trap and basics in 
general are not greatly varied, the basic 
rocks are of importance because they are 
the source of much of the clay of the land; 
and their imn content, through oxidation, 
has caused widespread brown c*olorings in 
soils and subsoils as well as in the sedimen- 
tary rocks. 

The most common secondary rocks: 1. 
Sandstone and conglomerate. The terms 
sandstone and conglomerate refer to rocks 
made up of small rock fragments varying 
in size from very fine sand to pebblelike 
bodies. If the grains are quite small, the 
more or less indurated rock to which they 
give rise is termed sandstone, whereas if 
the particles are pebblelike, although inter- 
mixed with some finer grains, the resulting 
rock is known as conglomerate. The hard- 
ness refers to the degree of cementation 
which exists. Some sandstones are so 
compact and firmly cemented that they 


make durable building material. How- 
ever, in many cases such durable sand- 
stones are difficult to prepare in the de- 
sired sizes, or they may be of colors not 
prevalently desired in the building industry. 
As a result, sandstones do not meet with 
great favor for dimension purposes but are 
in considerable demand as cnished rock for 
use in c'oncrete work. The use oi sand- 
stone for abrasives such as grindstones was 
formerly important, but in later years this 
demand has been met to a large extent by 
artificial abrasives. 



Gnipliic illustratif)ii of the principal uses ol 
crushed and broken sandstone in tlie United 
States in 1946. Students should measure the 
angles of the several sectors to determine t!u‘ per- 
centages shown. Total output was 4,093,000 
tons. 

At present the four outstanding uses for 
sandstone are: (1) as dimension stone for 
construction of buildings and to a lesser 
extent as flagstone for pavements and side- 
walks; (2) for glassmaking, but for this 
purpose only comparatively pure sandstone 
can be used; (3) as crushed or broken stone 
for matrix in concrete work; and (4) for 
refractory tile and brick. The latter, 
known in the trade as sOica brick, is used 
where the material must be subjected to 
high temperatures without fusing (see Ulus, 
above). 

Ohio, with Berea as the producing center, 
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has undisputed leadership in the output of eoncTote work. Pennsylvania therefore 
dimension sandstone. The state ordinarily leads substantially in value although its ton- 
produces from 40 to 50 per cent of all the nage is but slightly greater than that of 
commercial dimension sandstone quarried California. Wisconsin competes with Penn- 
in the United States. In the realm of sylvania in value because there also the out- 
cmshed and broken stone, leadership has put is used for the manufacture of refrac- 



Principal quarry districts of eastern United States, based on relative values and prominence of the centers 

of tlic different kinds of rock produced. 


long been held by Pennsylvania, but re- tory brick and tile, as is likewise true of 
cently California has been increasing its Ohio. Thus, in total tonnage Pennsylvania 
output to the point where it is a strong com- and California may be considered to be the 
petitor in tonnage with Pennsylvania, leading states, whereas in value the three 
However, Pennsylvania’s output is used leading states, closelv competitive, have re- 
largely for glassmaking and for refractory cently been Pennsylvania, Wisconsin, and 
tiling and brick, whereas the output in Ohio (see Map, Ulus, above). 

California is used almost exclusively for The number of commercial sandstone 
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quarries in the United States has been de- 
dining steadily during the past decades, 
dropping from 1,158 in 1909 to 52 in 1945. 
The quarries that are being successfully 
operated at present arc those located in 
areas of great demand for matrix to be 
used in concrete work. The crushed sand- 
stone used for this purpose is a commodity 
of low value per unit of weight, and trans- 
portation charge's therefore become a barrier 
to long shipments. On the other hand, for 
dimension purposes the quarries that can 
furnish the kind and color of stone de- 
manded by the trade remain in successful 
operation because this type of output has 
a higher value per unit of weight than is 
true of the crushed rock for concrete work. 
In all these cases, however, machinery 
equipment which makes low-c'ost ouput 
possible is an essential. 

2. Clays and shales. The term clay 
applies to earthy substances of fine tex- 
ture, consisting of mixtures of aluminum 
silicates with fragments of other materials 
of either mineral or organic nature. Con- 
solidated clay is termed shale, and the chief 
distinction between shale and clay is that 
shale ordinarily manifests a definite tend- 
ency to split apart along the planes of 
deposition. If ground fine and mixed with 
water, shale very often becomes as plastic 
as clay. 

As to origin, there are two main classes of 
clay, residual and transported. Many clays 
result from the chemical weathering of 
feldspars, hornblendes, and similar min- 
erals. It will be recalled from previous dis- 
cussion that the principal products of this 
type of weathering are clay and soluble 
salts. When weathering causes the de- 
composition of feld.spars, the salts are 
carried away in solution, while the clay 
remains in place, usually with some impuri- 
ties, such as grains of sand or mica flakes, 
as a mantle covering the underlying bed- 
rock. Clays thus originating in place 
through decomposition of the bedrock are 
classified as residual; in some cases the re- 
sulting clays are nearly pure and are known 
as kaolin or china clay. 

Transported clays result primarily from 


the erosive activities of streams and the sub- 
sequent deposition of the debris in water 
bodies. The coarse detritus, such as gravel 
and sand, is deposited mostly along the 
stream courses or near shorelines, whereas 
the finest particles are swept farther out 
where they settle in stagnant waters or off- 
shore in the sea. There they form layers 
or beds and thus give rise to sedimentary 
clays. Beds so formed are often many feet 
thick and of vast extent but usually do not 
have as high j^ercentage of kaolin and low 
percentage of impurities as do clays derived 
directly through the weathering of rocks 
rich in feldspars. 

Clay in some form enters extensively into 
construction work and in a large variety of 
inanufaetures, and it is indispensable in 
the arts. The total annual production of 
raw clay in tlu' United States varies from 
18 to 35 million tons, reaching values from 
40 to 60 million dollars. 

The importance of clay as raw material in 
manufactures is clearly shown in the value 
of the products, which is ordinarily more 
than 250 million dollars per year. In the 
category of clay products, brick and tile 
take the lead over all others by large 
margin. Of brick alone, the annual output 
was almo.st 8 billion in 1925, but since then 
the general trend has been that of irregular 
decline because of the increasing use of 
cc^ment. In the manufacture of brick and 
tile the heating agent is of great impor- 
tance, and therefore, near some of the coal- 
mining centers, brick pavements rather than 
concrete pavements are common. The fu- 
ture of the brick and tile industries will 
probably be one of increasing economic 
importance as wood for building purposes 
becomes scarcer and more expensive. 

Pottery ranks second among the clay- 
products industries of the United States. 
Pottery is a term rather loosely used to 
cover the manufacture of earthenware vary- 
ing from ordinary inexpensive flower pots 
to the high-grade chinaware that graces 
the tables of the wealthy. In the United 
States, clays for the coarser types of pottery 
are plentiful, but the domestic production 
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of high-grade clay for use in porcelain or inarkc'ts easily available, factors that favor 
chinaware has not been found large enough pottery making. On the other hand, high- 
to meet th(* demand, and consequently this grade foreign clays available at minimum 
country imports large quantities, sometimes cost because of location at tidewater, large 
in excess of 200,000 tons annually, from local supplies of coarse clays, extensive 
England and northwestern Europe. The markets, and a dependable labor supply 
imports go largely to Trenton, New Jersey, give New Jersey the basis for a great pot- 



Courksy Jotwh Wcdg^uood and Soni, Ltd, Stoki'-ou-Trent, England 

Tile Tlirower “Throwing” is the most ancient method of making pottery. The thrower’s attendant 
prepares a ball of clay, having first weighed the exact ainoiiiit recjuired for the piece to be thrown. This 
ball of soft clay is thrown on the wheel and the thrower works the rotating mass into a cone. He then 
opens it by pressing his thumb into the middle and pulling the clay up into a cylindru al shape. Finally, 
with one hand insufi^ and the other outside, he forms the piece. 

and East Liverpool, Ohio, the two best- tery industry, notwithstanding higher costs 

known centers for the manufacture of high- for fuel. On the west coast, California has 

grade pottery in this country. Other impor- won high rank in production of artistic 

tant centers of manufacture are Youngstown, tableware of high quality and the trend 

Akron, Zanesville, and Cincinnati. The appears to favor further increase in the 

last-named center is noted for its manu- future. 

facture of distinctive American art pottery. Clay manufactures in foreign coun- 
Ohio has a variety of clays, cheap fuel, ex- tries. The term chinaware reveals a recog- 

celleiit transportation facilities, and large nition of the fact that manufactures of high- 
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class goods of this type originated in China, recognition for its output of Haviland china. 


Europeans, however, by revival of Chinese 
skill and processes and the added impetus 
of European art, have put the industry on 
a commercial basis (see Ulus. p. 299 and be- 
low). 

The modern phase of the chinaware in- 
dustries was initiated by the Germans in 
the eighteenth century; since then, world- 
famous porcelain and pottery centers have 
developed in various European countries. 
Numerous factories in Germany manufac- 



Court€$y Josiah Wedgwood and Sems^ Ltd., 
S toke-on-Trent, England. 


“The Modeler” who designs and forms the final 
decorations on the pieces of fine pottery. Since 
shrinkage of the ware occurs through drying and 
firing, the modeler must be able to allow for changes 
involved if final results are to be highly artistic. 

ture fine porcelain for export, the best- 
known factories being the centers at Dres- 
den, Meissen, and Berlin. While the 
German exports of chinaware have usually 
exceeded tho.se of any other country, Aus- 
tria, Czechoslovakia, and Denmark all have 
important porcelain and pottery industries 
and each has its large following of devoted 
admirers. During the past two centuries 
or more France has been Germany's princi- 
pal competitor in the manufacture and sale 
of fine chinaware prepared from the high 
quality of kaolin found on the flanks of the 
Central Plateau. Limoges has won wide 


which is in high favor in European coun- 
tries as well as in the United States. 

The seat of the British chinaware in- 
dustry is in west central England about 
midway between Birmingham and Man- 
chester. There cheap coal, an abundance 
of coarse clays, skilled labor, and excellent 
transportation facilities offset the disadvan- 
tage of shipping in the fine clays a distance 
of two hundred miles from Cornwall and 
Devon in southwest England. The great- 
est overseas markets for English chinaware 
are in Canada and Australia, but large 
quantiti(‘S are exported also to the United 
States and to the South American countries. 

In the manufacture of coarser clay prod- 
ucts such as brick and tile the old countries 
of north and northwestern Europe are im- 
portant, because' the lowlands are densely 
populated and neither stone nor lumber is 
locally available in adequate quantities for 
building purposes. Clays are plentiful, 
coal is relatively low-priced, labor is avail- 
able, and construction materials are in 
demand; therefore, the manufacture of 
brick is a logical development. Brick- 
walled houses with tiled roofs are jnsepa- 
rable features of the landscape in England 
and in the lowlands of northwestern con- 
tinental Europe. The Dutch use tile for 
interior as well as for exterior decoration, 
the Delft ware being particularly famous 
for such purposes. 

Future of the clay-working industries. 
The growing use of brick for building pur- 
poses — ^walls, tile shingles or roofs, tile for 
water mains, sewer pipes, and drainage 
tubes — together with a widespread abun- 
dance of raw materials, will probably result 
in further expansion of the coarser clay 
manufactures. In the United States the 
depletion of the forest resources and the 
gradually increasing density of population 
will direct attention more and more toward 
clay products for building purposes. The 
growing population and the increasing 
standards of living offer continually ex- 
panding demands for utensils, chinaware, 
and bathroom porcelains. As the general 
prosperity of the country increases, the 
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demand for the finer qualities of manufac- 
tures will grow apace. Under these cir- 
cumstances it seems inevitable that all 



(*nip]iic illustration of princ'ipal uses of 
cTuslu’d liiiHvstoTK' How is liniostont’ nsc*(l 
for agricultural purposes? Wliat is meant 
by “fluxing stone”? 

pha.ses of the clay-working industrie.s, the 
brick and tile on the one hand and the fin(*r 
porcelains on th(* other, face gradually ex- 
panding markets and a hopeful future. 

3. Limestone. Limestone is essentially 
lime carbonate (CaCOs), but ordinarily it 
c’ontains impurities, such as clay, silt, sand, 
and various minerals, in varying propor- 


tions. In some cases the impurities con- 
stitute less than 1 per cent, while in others 
they may make up nearly 50 per cent of 
the whole. Limestones vary in color, the 
grays and light tans being the most com- 
mon, but various other colors, such as 
brown, black, red, or blue, are not rare. 
Hardness varies with density and structure; 
some limestones are soft and porous, others, 
hard and dense. 

Principal uses ok limestone. Lime- 
stone is used most extensively as crushed 
rock in concrete work, particularly in pave- 
ments, foundations, and in building con- 
struction. It is the principal raw material 
in the manufacture of cement, and it is the 
bulky ingredient of many commercial fer- 
tilizers. Limestone is well known for its 
extensive use as dimension material for the 
walls of buildings, but it has other impor- 
tant uses as well. One of its most impor- 
tant markets is in connection with smelting 
industries for use as fluxing material, espe- 
cially in the reduction of iron ore. It is 
used in connection with sugar refining and 
in the manufacture of quick lime, for which 
purposes a relatively pure limestone is 
necessary. Because of the variety of its 
uses, limestone may rightly be classified as 
one of our most important mineral re- 
sources (see Ulus, above). 
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Average annual production of crushed and broken limestone by leading states, 1940-1945. The 
average annual total for the United States was 13,273,000 tons. The crushed limestone did not suffer as 
serious a decline as did the dimensional limestone. 
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Produci'ion of Limestone in the Unused 
States. The output of limestone in the 
United States has shown rather steady in- 
crease for a number of years. Of late it has 
accounted for approximately 60 to 75 per 
cent of the entire commercial stone produc- 
tion of this country. That limestone quar- 
ries are widely distributed is shown by the 


concrete, with fluxing and agricultural pur- 
poses ranking second and third. The di- 
mension stone produced is used almost en- 
tirely for c'onstruction purposes. The 
amount used in agriculture either by direct 
application to overcome acid soils or as an 
ingredient in commercial fertilizer is in- 
creasing rapidly. 



Courlciiy Indiana Limestone (lampanij, lUdjouL /lufaina 


\''iew in one of the quarries near Bloomington, Indiana Note the extensiveness of the ojxTations, the 
huge derricks and other equipment, and the large blocks obtainable 


fact that forty-four states reported com- 
mercial production in 1946, the only ones 
not included in the list being New Hamp- 
shire, Delaware, Rhode Island and North 
Dakota. The states which ordinarily lead 
in value of output are Pennsylvania, New 
York, Ohio, Indiana, Illinois, and Michigan, 
although the order varies. Of the total 
tonnage produced, 65 to 75 per cent is in 
the form of crushed stone, used mostly in 


The most famous quarries of building 
limestones are located in southern Indiana, 
with Bloomington and Bedford as the prin- 
cipal centers (see Illus. p. 297). The Indi- 
ana limestone is the most widely used 
natural stone for dimension purposes in 
this country. Its markets extend from the 
Atlantic seaboard to the vicinity of the 
Rocky Mountains. Among the reasons for 
its popularity are its pleasing color, its uni- 
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form stnicture, the thick beds from which 
it may be quarried, the low cost of quarry- 
ing and milling into desired forms, and the 
uniform and attractive appearance. The 
color is an attractive gray when the stone is 
weathered as well as when it is freshly 
quarried. The limestone produced in most 
of the states outside of Indiana is used 
chiefly in concrete work for building foun- 
dations and street pavements, as fluxing 
material, and for agrieultural purposes. 
The high development of eoiisti-uetion in- 
dustries and the extensive road-building 
programs in progress throughout the cwin- 


plet(‘ mechanization, and economy of oper- 
ation. It is probable that the economy 
of operation made possible by large-scale 
production in favored localities will largely 
offset the increased costs of transportation 
for longer distances and thus permanently 
keep the total number of quarries in oper- 
ation at a lower figure than was true in the 
earlier stages of the industry. (Ulus. p. 
302.) 

The most common metamorphic rocks. 
As already stated, the metamorphic rocks 
are those that have been changed by pres- 



Anniial production of dimensional limestone since 1 92.5. Note tlu’ effects of tfie depression period of the 
1930’s and tlie war period of the J94()’s upon this industry. 


try provide large and expanded markets for 
limestone in nearly all the states. 

Trends in quarrying and uhlization of 
LIMESTONE. The casc with which concrete 
can be poured into any desired form and 
the durability of foundations, walls, and 
pavements thus made combine to reduce 
the demand for limestone for dimension 
purposes. The Indiana limestone has, and 
will probably continue to have, .substantial 
and widespread markets, but dimension 
stone from other sections finds competition 
with the various forms of cement rock dif- 
ficult to meet. However, the tendencies 
are definitely toward larger quarries, corn- 


sure or chemical cementation from an 
earlier primary or secondary form. The 
most cximmon arc known as gneiss, schist, 
quartzite, slate, and marble. Of this group, 
the first three named, while they occur 
rather widely and are u.sed to a minor ex- 
tent for roadbuilding and for construction, 
can hardly be ranked as rocks of high in- 
dustrial significance. Although locally im- 
portant in a few plac'es, including such 
prominent centers as New York City and 
some of the west coast cities of the United 
States, their total output is small and does 
not justify extensive treatment. The two 
last named, slate and marble, however, are 
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more important nationally and even inter- 
nationally, and therefore they warrant brief 
treatment here. 

Slate. Slate was used for roofing ma- 
terial in the British Isles more than three 
centuries ago. The Penrhyn quarries near 
Bethesda in North Wales boast that they 
have been in continuous production since 
the period of Queen Elizabeth and that as 
early as 1792 part of their output was mar- 
keted in the New World. It is claimed that 
some of the headstones that mark the 
graves of the early pioneers in New Eng- 
land towns came from this source and that 
the carvings upon some are still legible. 

Slates are metamorphic rocks derived 
from clay or shale. The term is applied to 
fine-grained rock that has almost perfect 


quantity of slate flour and granules provides 
a tonnage seven to eight times as great as 
the tonnage marketed in the form of slabs 
or sheets. The value in proportion to 
weight of dimension slate is of course much 
greater than that of the flour or granules, 
but the total value of the latter ordinarily 
exceeds that of the former. 

The states that lead in slate production in 
the United States are mostly in the eastern 
part of the country, with Pennsylvania, Ver- 
mont, and New York occupying the fore- 
most positions, while on the west coast, 
California produces quantities of some 
magnitude (see Ulus, below). 

The durability of slate and its pleasing 
appearance account for its continued popu- 
larity for roofing purposes. In the present 
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Slale produclion, principal .stales, on basis of values of output, annual average 1940-1945, and for 
1946. Beginning of post-war recovery shown. This contiiiiicd through 1948 when total value of output 
reached $12,881,000 with little change in relative positions of producing states. 


cleavage, permitting it readily to be split 
into thick, smooth sheets. It includes ma- 
terials that differ widely in color and even 
in composition, but it consists of such 
weather-resistant natural minerals that it is 
recognized as one of the most enduring 
structural materials. The value of slate 
depends upon its well-defined planes of 
splitting, which render it serviceable as 
slabs or thin sheets for various purposes 
such as roofing, sanitary and chemical ware, 
and blackboards. In preparing these slabs, 
hov/ever, the percentage of so-called waste 
is high, sometimes running up to 60 to 75 
per cent. But this material is not waste in 
the ordinary sense. The scrap slate that 
results from milling into slabs, as well as the 
scrap derived from quarrying processes, is 
ground into flour or granules. The total 


trend of manufactured roofing, many of the 
kinds prepared make use of some form of 
slate, particularly the granules, and since 
this phase of the roofing industry appears 
to be definitely on the upgrade, the result 
will be to provide expanding outlets for 
products of the slate industry that early 
were considered to be of little economic 
importance. 

Marbi£. Marble is a metamorphic rock, 
hut the trade applies the term to any cal- 
careous rock capable of taking high polish. 
Although marble is white when pure, be- 
cause of impurities and differences in struc- 
ture it often varies in color from white to 
dark blue, green, and even black. 

In value of output, marble ordinarily ex- 
ceeds slate in the United States by 25 to 30 
per cent. The states leading in production 
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are Vermont, Tennessee, Georgia, and Mis- 
souri, their output being about 80 to 85 
per cent of the nation’s total. Vermont 
usually leads with its principal quarry cen- 
ters on the west flank of the Green Moun- 
tains. Marble from these localities varies 
from almost pure white to gray and pink, 
and some varieties have intricate veins of 
green or brown. 

Knoxville, Tennessee, is in the midst of 
the marble-producing district of that state. 
Tennessee marble varies from white to mot- 
tled maroon and is widely used for floors 
and decorative interiors. Georgia marble 



( A. ) Carrara Marble Quarries. Monolith dimen- 
sions were rep(irted 8 feet wide, H feet deep and 8 
feet long, ana weight 300 tons. Note uniform tex- 
ture and structure of stone color white. World’s 
most famous statuary marble. 

is used for construction purposes and some 
years ago won renown because of its use in 
building the territorial capitol of Puerto 
Rico at San Juan. The most famous statu- 
ary marble in the world is quarried near 
Carrara, Italy, on the flanks of the Apen- 
nines. The quarries have been operated 
there for centuries and have furnished the 
raw material for much of the world’s classic 
sculpture. The texture of the marble is 
uniformly fine-grained, the color of the 
statuary marble is snow-white, and the 
structure is such that flawless blocks may be 
obtained large enough for any desired use. 
These qualities have given Carrara marble 


its world-wide fame and markets (see Il- 
lustrations below). 

Although the demand for marble as 
monumental stone is declining because of 
its deterioration under the ravages of the 
weather in the middle latitudes, the de- 
mands for marble for interior finish are 
growing steadily. For general construction 



Courtesy J. Besstf Carrara^ Italy 

(B.) A statue in the process of being hewn out 
of a large block of Carrara marble. The reduced 
scale plaster model in left foreground serves as a 
guide for sculptor’s work. Importance of perfec’- 
tion in original block is apparent. 

purposes, marble seems assured of sub- 
stantial markets wherever transportation 
charges are not so high as to limit its use in 
favor of lower cost competitors. In com- 
mon with other materials, marble will be 
affected by the pulsation of style; it will un- 
doubtedly have its periods of high demand 
and of market recession, but there seems 
little doubt that it will always remain an im- 
portant element of the mineral industry of 
Europe and the United States. 
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The cement industry. In early days 
cement was made by mixing slaked lime 
with volcanic ash, which resulted in hard- 
ness and remarkable durability. Such 
cement was used by the Romans in building 
bridges, surfacing roads, and constructing 
aqueducts and is still being made near the 
volcanoes of Italy. It is known as Puzzolan 
cement. The industry declined and was 
virtually nonexistent until building of ex- 


nineteenth century, after which Portland 
cement took the lead and now dominates 
the field. Some Puzzolan cement is now 
made in the United States by grinding 
blast-furnace slag and mixing it with 
needed lime, but the total amount, includ- 
ing natural cement now being made, con- 
stitutes only 1 to 2 per cent of the total pro- 
duction of the cement industry. The term 
cement as currently used presumes Portland 



Courtesif Portland Cement Association, Chicago, Illinois. 

(A.) Limestone crusher in cement plant. The 
hopper of a gyrator crusher is about 16 feet across 
and engulfs a whole dump car of rock of assorted 
sizes within two or three minutes. 

tensive fortifications was undertaken in the 
latter part of the seventeenth century. 
Europeans then had learned that a cement 
similar to Puzzolan could be made by heat- 
ing some impure limestones to high tem- 
peratures, and to this product the term nat- 
ural cement was applied. 

Natural cement was used in building the 
Erie Canal in 1820 and continued to be 
the principal cement for construction in the 
United States until near the close of the 


Courtesif Portland Cement Association, Chicago, Illinois. 

(B. ) Rotary kiln in cement plant. The kiln, 
about 400 feet long, is supported by giant roller 
bearings, and rotates at an average rate of three- 
fourths of a turn per minute. The kiln is inclined 
about three-quarters of an inch for each foot in 
length to facilitate continuous passage of the mix- 
ture. 

cement, unless otherwise specifically stated. 

Portland cement is credited as a discov- 
ery, in 1824, by Joseph Aspdin of Leeds, Eng- 
land. Aspdin, who made cement by heat- 
ing powdered limestone and clay, found 
that a mixture of the product with sand 
would harden under water, thus giving rise 
to an artificial stone that resembled a sand- 
stone quarried on Portland Isle, England. 
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Although Portland cement manufacture de- 
veloped rather slowly in the New World be- 
cause other building materials were so 
plentiful, expansion became rapid after the 
turn of the century, and it now ranks as one 
of the great industries of the nation. The 
total annual output has grown to exceed 
200 million barrels (weight 376 pounds), 
with a value of over 445 million dollars. 

The manufacture of Portland cement in- 
volves more than eighty different opera- 
tions, buf the essential features are: (1) 
selection of raw materials that will provide 
the e.ssential constituents — lime, silica, and 
alumina— -in proper proportions; (2) 
grinding of the raw materials, usually lime- 
stone and clay or shale, to such fineness that 


or IS led into sacks, (*ach holding 94 pounds, 
ready for shipment. Statistically, the out- 
put is measured as barrels of 376 pounds; a 
sack is therefore one-fourth of a barrel. 

The raw materials to be used and the 
products that emerge arc subject to contin- 
uous physical and chemical tests. The 
laboratory of a cement plant is a busy place 
and is as necessary to successful operation 
as is the kiln or the mill. 

The Portland cement industry of the 
United States is one that in a tnie sense 
serves the nation. The number of plants 
in operation in 1948 was 149, scattered over 
35 states. Since the raw materials are of 
heavy weight in proportion to value, cement 
factories tend to be localized. Where coal. 
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90 per cent of the resulting powder will 
pass through a sieve with 40,000 openings 
per square inch; (3) introduction of the 
powder in wet or dry form into a rotary 
kiln 300 feet or more long, where it is sub- 
jected to temperatures of 2500® to 3000° F.; 
and (4) grinding of the fused product of 
the kiln, which emerges as white hot balls 
about the size of marbles and is known as 
clinkers, into a powder finer than flour (see 
Ulus. A and B, p. 306). 

During the grinding process small quan- 
tities of gypsum are introduced because 
this mineral serves to retard the rate of set- 
ting or hardening of the cement. From 
this stage of operation, which is known as 
the finishing mill, the cement is cither 
passed to huge storage buildings called silos 


limestone, clay, and markets are all in 
dose proximity, the cement plants are most 
numerous. Eastern Pennsylvania meets 
these conditions and is therefore the fore- 
most center in the United States for cement 
manufacture. Fortunately, the raw ma- 
terials are widely and generously distrib- 
uted over this country, and some kind of 
heating medium— coal, petroleum, natural 
gas is usually available so that all sec- 

tions can be supplied with Portland cement 
without unduly long haulage and high ex- 
pense. 

The cement industry, largely an achieve- 
ment of the present century, has attained 
the status of a great world-wide industry, 
the activity of which is viewed as an index 
of industrial progress. Prior to World War 
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II the European nations had all achieved 
varying degrees of prominence in this field, 
with Germany, England, France, Italy, and 
Russia in the forefront. Usually Europe 
and the United States together produce 
about 80 per cent of the world output, but 
more than fifty of the other nations and 
dominions of the world engage to some 
degree in the manufacture of cement. An 
even larger number use cement in varying 
amounts for construction purposes. 

Cement deserves high rank as a factor in 
true conservation. Through it, cru.shed and 
broken rock which otherwise would be c*on- 
sidered waste now far outranks dimension 
stone in value of output. This makes pos- 
sible permanent structures, buildings, 
bridges, canals, and pavements, with a 
saving of forest and metallic resources. 
The use of paved highways makes for ef- 
ficient use of energy and thus increases out- 
put of work at lower expense. The list 
could be extended almost without end, but 
we believe that even this brief overview 
will help the student to gain an insight into 
the reasons why many industrial leaders 
look upon the pre.sent as the “Cement Age.” 
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Chapter Hineteen 


IMPORTANT MINERALS 
OF DIRECT ECONOMIC USE 


In the previous chapter we <x)n- 
sidered the minerals which arc important 
chiefly because of their roles as rock con- 
stituents, although in most instances some 
direct uses were found to be important as 
well. In this chapter, only such minerals 
are discussed as are important chiefly be- 
cause of their direct economic value. Their 
greatest value to man lies in their industrial 
uses, uses which are possible without con- 
version into other products through c*om- 
plicated smelting or reducing processes. 
There are many minerals in this group, but 
we must limit our study to those which oc- 
cupy places of high economic importance in 
the industrial scheme. On that basis, we 
have chosen to include in this discussion only 
asbestos, gypsum, salt, sulphur, and the 
three highly important mineral ingredients 
of commercial fertilizers — nitrates, phos- 
phates, and potash. 

Asbestos 

Asbestos is a term applied to certain 
hornblendes which occur in crystals of 
fiber form. These are found in veins of 
varying width and have a stnicture so 
nearly perfect that the individual crystals 
may be used as fibers, pressed into mats, or 
intertwined into threads of varying sizes and 
woven into fabrics. The several varieties 
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of a.sbestos are classified commercially into 
two groups — the long fibers and the short. 
The long fibers are in great demand for 
woven materials to be used in the form of 
cloth, such as fiber drop curtains in thea- 
ters or woven brake linings, and for gaskets 
and packings in automobile manufacture, as 
well as for use in power-generating plants. 
The short-fiber varieties arc used for insu- 
lating materials to withstand high tempera- 
tures and to resist acid action. Its resist- 
ance to heat and chemical action and its 
non-inflammable qualities make this mineral 
one of the most critical in any economy, 
whether peacetime or war. 

The United States is weak in asbestos. 
Unless new deposits are discovered, the 
c*ountry must continue to be dependent 
upon imports for its needed supplies be- 
c*anse the present outlook is that not more 
than 5 or 10 per cent of the demand can be 
met from domestic sources. Ulus. A, p. 310 
is a graphic illustration of the relation of 
the domestic supply to the total annual 
average consumption during the period 
1936-1947. Canada was the source of 91 
per c‘ent of the imports. 

In addition to its use in the manufacture 
of automotive essentials, asbestos is used in 
building construction and for certain types 
of industrial products; these include wall- 
board, as well as heat-insulating and fire- 
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proofing materials. While small quantities however, is heated to moderately high tem- 
of asbestos have been produced in recent peratures, a process called calcining, and 
years in nearly a dozen states, Vermont and thus is made into a plaster of wide usage, 
Arizona seem to have become established the purest of which is the well-known 
as the leaders in the United States. Plaster of Paris. The crushed or ground 

The principal sources of world supply of gypsum is used for agricultural purposes be- 
asbestos are shown in the accompanying cause it serves to correct the acidity of some 

PRODUCTION ■ 1936-1947 

coNsuMPTioNpHHHHHipilllHMiHH 

THOUSAND SHORT TQNSQ 100 200 300 

(A.) Average annual prudiictioti and const iniptioii of asbestos in the United 
States, 193H-J947. Makes clear the dependence ol tins c-oiintry upon foreign 
sources. 


diagram (Ulus, below). It will be ob- 
served that CJanada continues to hold a 
commanding lead among the nations. 
That c‘Ountry has long been the chief source 
of supply to meet the needs of the American 
construction and machinery industries for 
this material, which is characterized by lit- 


soils; when used in that manner, it is known 
as land plaster but is referred to in the' 
statistics as agricultural gypsum. When 
ground fine, it is used in rather small per- 
c'entages in the manufacture of Portland 
cement, in which it serves as a retarder, pre- 
venting the cement from setting so rapidly 



tie bulk and is of high value. Present indi- 
cations are that Russia is well provided with 
this vital mineral, but reliable data are not 
presently available. 

Gypsum 

Common gypsum may be used without 
any processing other than grinding, and 
considerable quantities are so used. The 
larger portion of all the gypsum mined, 


as to be difficult to handle in construction 
enterprises. These two major uses ordi- 
narily account for 25 to 30 per cent of the 
total output of gypsum in the United States. 
The calcined gypsum is used most exten- 
sively in the manufacture of building plas- 
ters and cements and for prefabricated 
lathes, wallboard, sheathing board, and tile. 
These uses far outrank in tonnage and in 
point of value any of the other uses, al- 
though calcined gypsum is also used in the 
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(A. ) Gypsum. Principal producing states, annual a\ erage 1938*1946. Note the close race for first place 
bv New York and Mu’hiiiaii How does one account for the proniinenee of Ne^'ada? 


manufacture of plate glass, terracotta, pot- The annual output of gypsum mined in 
tery, and orthopedic and dental plasters, the United States now varies from about 3J 

High-quality gypsum is almost as important million to above 6 million short tons per 

in technical industries as is Portland cement year. Ulus, above indicates the a\ erage an- 

in the building trades. nual output of the leading states during a 9« 



( B. ) Gypsum. Domestic production and imports since 1925. Note the dips in curves associated with the 

war and depression periods. 
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year period, but it should be added that the 
more recent trend in Michigan seems to 
place it definitely in first position, with New 
York in second place. In any one particu- 
lar year, however, either of the two states 
might be in the lead. The same can be 
said of the close competitive position that 
has of late been assumed by California, 
Iowa, and Texas. Although Texas has re- 
cently taken the lead, the difference in out- 
put among the three states is such that any 
one of them might outrank the other two in 
any given year. Some gypsum is imported 
regularly from New Brunswick and Nova 
Scotia for use in the northeastern states, 
where water routes make the Canadian 
sourt'es readily acces.sible (Ulus. B, p. 311). 
In world production the United States al- 
ways has first place by a wide margin, its 
output in recent years being nearly three 
times that of the United Kingdom, its near- 
est rival. Many countries produce varying 
quantities of gypsum, but in addition to 
those already named, those which lead in 
output and in usage are France, Germany, 
Canada, Spain, and the Soviet Union. 
During the period immediately preceding 
World War II, Gennany, Russia, and Spain 
were each credited with an annual output 
of between 700,000 and 860,000 metric tons. 

Salt 

In small quantities salt occurs almost uni- 
versally. It is a minor constituent of many 
clays, shales, and sands, and it is also pres- 
ent to a slight extent in many soils. It ex- 
ists in the cavities and pore spaces of some 
rocks and thus may give rise to salt-water 
springs and some salt wells. The largest 
quantities of salt, however, occur in sea 
water, in salt lakes, and underground in 
solid beds or masses termed rock salt 
Rock salt is the source of most of the com- 
mercial salt, although there is also important 
production from the evaporation of waters 
from the ocean and salt lakes. Rock salt is 
the basis for extensive mining operations in 
many countries. Methods of winning the 
salt vary from underground mining of the 
solid beds to obtaining it by solution meth- 


ods, that is, by pumping hot water down to 
the bed of rock salt, churning it about by 
specially devised agitating methods, and 
then pumping up the brine. 

Uses of salt Not so many years ago 
salt was used chiefly for domestic purposes, 
and that use still provides the principal de- 
mand in most of the nonindustrial countries 
of the world. However, the recent expan- 
sion of the chemical industries in Europe 
and the United States has led to new and 
greatly accelerated demands for salt, be- 



Salt. Percentages of world produc‘tioii by j^rin- 
cipal countries in 1942. 

cause this material has been found to be 
an indispensable raw material for the man- 
ufacture of a great number of chemicals. 
In late years the chemical industries have 
used from 65 to 70 per cent of all the salt 
produced in the United States, its major im- 
portance being its use in the manufacture 
of various bleaches, soda ash, dyes, and 
soaps, as well as numerous other articles. 

In the United States in recent years, the 
use of salt for livestock has ranked second 
and for table and other household purposes 
third. Often overlooked is its importance 
in dust and ice control on highways and 
railways, a use that in some years requires 
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quantities exceeding the total amount used 
by the meat-packing and fish-curing indus- 
tries combined. 

Salt is the only mineral which enters di- 
rectly into the diet of man and beast on a 
large scale and which is indispensable to 
their existence. Primitive people showed 
great ingenuity in their means of securing 
salt supplies. Among some peoples salt 
took the place of money. Plac'es where salt 
could be obtained were declared neutral 
ground by some of the Indian tribes of 
the Great Plains. Tribes otherwise hostile 
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dealing with the Soviet Union are conspic- 
uously lacking (see Ulus. p. 312). 

Owing to the great expansion of the chem- 
ical manufacturing industries of this coun- 
try, the production of salt in the United 
States has practically doubled since the 
1920s (sec Ulus, below). The leading 
states, as illustrated on page 314, have con- 
sistently been Michigan, New York, and 
Ohio, in the order named. Formerly these 
were followed by Kansas and Louisiana, in 
that order, but recent developments have 
placed Louisiana a strong fourth, Texas fifth, 



would meet at such places and gather their 
salt in friendly rivalry, whereas meeting 
elsewhere would at times lead to deadly 
combat. This practice was a direct tribute 
to the necessity of salt in man’s diet. 

Distribution of salt production. Nearly 
all the countries of the world produce 
salt in varying amounts, but the United 
States is far in the lead. Other countries 
high on the list are Germany, the United 
Kingdom, China, Italy, France, and India. 
In the world situation, as in many other as- 
pects of industrial production, statistics 


and Kansas sixth. If California continues 
her trend, she is likely to reach and possibly 
exceed Kansas. The demands for salt by 
the increased population along the Pacific 
Coast and the increased industrialization of 
the area provide quite an incentive to in- 
creased local production. World produc- 
tion has been estimated to range from 30 to 
35 million metric tons in recent years, with 
the United States alone producing nearly 50 
per cent of the total. It seems fairly certain 
that the United States will retain its strong 
preeminence in salt production through the 
foreseeable future. 
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Sulphur 

Sulphur is widely distributed in igneous 
rocks, particularly lavas, but it usually oc- 
curs in such small quantities and in such as- 
sociation with other minerals that economic 
extraction is difficult and expensive. The 
sulphur used in industry is derived from 
two principal sources: (1 ) from native sul- 


the in)n compounds and to a lesser degree 
from sulphide ores such as those of copper 
and zinc. Inasmuch as the sulphur content 
of such ores varies from 25 to 40 per cent, 
sulphur is a by-product of the smellers that 
deal with sulphide ores other than iron; 
whereas, in the case of iron pyrites, sulphur 
is the valuable element and the remaining 
part becomes waste because no satisfactory 



Sail. Annual production ol leading states since 1935. Winch of states shown has had greatest rate of 

increase since 1935? 


phur, which is exploited where found in 
fairly large bodies that are readily acces- 
sible, and (2) from sulphides of metals, 
chiefly iron, commonly referred to as py- 
rites. For many purposes pure sulphur is 
preferred to the pyrites because it can more 
readily be converted into desired combina- 
tions than can pyrites, and because there 
is no problem of disposal of waste, since 
native sulphur is so nearly pure that no 
waste products result from its utilization. 
Sulphur from pyrites is derived chiefly from 


methods of njiidering the iron completely 
free of sulphur have yet been developed. 

Commercial production of native sulphur 
is restricted to a few areas where large bod- 
ies have been discovered under conditions 
favorable for exploitation. While native 
sulphur has been produced for a number of 
years in many countries, particularly in Ja- 
pan, Spain, and Mexico, most of the world s 
output is now supplied by the Gulf Coast 
of Texas and Louisiana and by Italy or the 
island of Sicily. 
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Uses of sulphur. The most significant 
use of sulphur is in the manufacture of sul- 
phuric acid, the most important raw mate- 
rial used by the chemical industries. In ad- 
dition to this use, sulphur is essential in the 
manufacture of fertilizers, insecticides, pulp 
and paper, and explosives. Uses of major 
importance but demanding smaller quan- 
tities of sulphur than those mentioned in- 
clude the preparation of fine chemicals for 


years the a\’erage has exceeded million 
metric tons per year, an increase of 350 per 
cent in about three decades. Italy was for 
many years the world s leading sulphur-pro- 
ducing country, but since 1913 the United 
States has held first place (see Ulus, below). 
In recent years the Ihiited States has pro- 
duced 85 to 88 per cent of the world’s total; 
Italy, in second place, has furnished 10 to 
12 per cent. 



Siilpluir. Pioduclioii of tlu* United States and Sieily sinee 19J() Sinee these are the ehief sources of 
sulphur, tile d(nnin«uit position of the United Sta!(*s is clearly e*Mdeut. 


medical and surgical purposes, and for \'ul- 
canizing rubber to be used in a multitude 
of forms varying from heavy duly tires to 
fine toilet articles. On the whole, virtually 
all fields of industrial endeavor, as well as 
all phases of everyday living in the progres- 
sive countries of the world, are the benefi- 
ciaries of products made possible indirectly 
by the use of sulphur and its compounds. 

Production of sulphur. During the pe- 
riod 1911-1915 the average annual world 
production of native sulphur was only 
about 800,000 metric tons, whereas in recent 


Sulphur in the United States. The pro- 
duction of native sulphur in the United 
States ordinarily (‘xceeds three million tons 
per year, more than 98 per c‘C‘nt of which is 
represented by the output of c'ompanies op- 
erating in the Gulf Coast deposits of Texas 
and Louisiana. Prior to the turn of the 
century, sulphur was discovered in associa- 
tion with the salt domes of the Gulf Coast, 
but bec*ause of the unconsolidated sedi- 
ments beneath which it was found, mining 
by the shaft method proved impracticable 
and exploitation was delayed because of 
lack of means of getting at the sulphur. 
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This handicap was overcome by Dr. Frasch, inside, by drilling methods through the up- 

a chemist formerly associated with the pe- per rock layers into the porous rock, usually 

troleum industry, who devised a method limestone, impregnated with sulphur. The 

whereby the sulphur could be melted and sulphur is melted by injecting superheated 

torched out of wells by water pressure. The water through the outside pipe. Then the 

method involves sinking a triple pipe sys- molten sulphur, which is heavier than water, 

tern, a large pipe outside with smaller ones flows into a small pit known as a sump, at the 



Diagram to illustrate the essential features of the Frasch proeess of mining sulphur. Note carefully 
the concentric arrangement of pipes and the purposes served. The circular drawing at the lower left is 
an enlarged bottom hole to give the details. It should be added that the molten sulphur is forced out 
by air and steam pressure indicated by lower vent at left side of the derrick. 





IMPORTANT MINERALS OF DIRECT ECONOMIC USE 


317 


lower end of the pipe, whence it is forct'd 
by pressure of pre-heatcd air to rise in liq- 
uid form through the inside pipe (see Ulus, 
p. 316 ) . Thus it reaches the surface, where 
it cools into pure solid sulphur. The part 
of this operation which was difficult to per- 
fect, and which required much experimen- 
tation, was that of keeping the temperature 
range of the water and of the molten sul- 
phur within rather narrow limits. Sulphur 
melts at temperatures varying from 238° F. 
to 240°F. and in that form is a thin, light- 
yellow liquid. If heated beyond that fig- 
ure, for example to 480°F. or 5()0°F., it be- 
comes so viscous that it cannot be forced 
out by water pressure. To retain the nar- 
row temperature range through a pipe sys- 
tem that in many cases extends clown more 
than a thousand feet, deinaiided a high 
degrc'e of control of heating and cooling; 
however, when the difficulty was owreome, 
this method of obtaining sulphur proved 
by far the most practical thus far devised. 

Because of the* low cost of exploitation 
of the large deposits found in the coa.stal 
plains southwest of Galveston, the* state of 
Texas has been producing more than 75 per 
cent of the country's total and probably will 
continue to hold first place in the produc- 
tion of sulphur ill the United States. 

American exports of sulphur have in- 
creased greatly since 1920, and the United 
States now ordinjirily exports more than 25 
per cent of its output. The leading mar- 
kets arc ill Canada, the United Kingdom, 
Australia, France, the Netherlands, and 
Germany. Because of their extensive 
proved reserves, Texas and Louisiana will 
probably maintain the high position of the 
United States in the world’s production of 
sulphur (Ulus. p. 315). 

Sulphur in Italy. The island of Sicily 
is Italy’s most important sulphur-producing 
center. For many years it was the world’s 
foremost source of raw sulphur. The Ital- 
ian industry has been hard hit by the ex- 
ploitation of the deposits in the United 
States and the resulting C'ompetitioii that 
the American production has furnished in 
the world’s markets. The principal foreign 


markets for the Italian sulphur are in the 
Mediterranean lands. Central Eiuope, and 
Russia. Inasmuch as it is known that Rus- 
sia has large quantities of sulphur within 
her own domain, it is probable tliat the de- 
velopment now going on will make that 
country more than self-sufficient in this 
essential chemical element. There seems 
little chance, therefore, that Sicily will 
again assume the importance in the world 
trade that it formerly held. However, with 
impro\^ed methods of production and the 
expansion of chemical industries of neigh- 
boring countries, her present position will 
probably be maintained. 

Commercial Mineral Fertilizers 

Phosphates, nitrates, and potash are the 
chief ingredients of most of the* various 
mixtures referred to as commercial mineral 
fertilizers. In many regions of the world 
the application of mineral fertilizers is nec- 
essary lor successful agriculture. It may 
be said that the great milestones in agricul- 
tural j^rogress arc marked by the initiation 
of the following four methods of increasing 
crop yields: ( 1 ) the introduction of grasses, 
especially clovers and other leguimis, into 
the crop sy.stem; (2) the plowing under 
of green crops such as peas, clovers, and 
other legumes, all broadly included under 
the general term of green manure^'; (3) the 
utilization of root crops, such as mangels, 
turnips, and beets, thereby brtiaking up the 
practice of continued grain farming on the 
same plot of ground, and at the same time 
improving the physical condition of the soil; 
and (4) the scientific application of mineral 
fertilizers. In many agricultural districts, 
the last-named practic*e has become general 
as a result of die chemical study of soils, 
first undertaken seriously about 1860 in 
Europe. 

During the Middle Ages and later, stu- 
dents of population ana food supply ex- 
pressed alarm because of the declining pro- 
ductivity of the soil. Lands in the Mediter- 
ranean countries were producing only five 
or six bushels of grain per acre and produc- 
tivity was steadily declining on other lands 
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long in use. The lower Nile Valley was an 
exception because of its recurrent floods 
and the attendant replenishment of soil fer- 
tility; these caused productivity to remain 
high and made of that region a rich granary, 
greatly desired by the various Mediterra- 


nean powers. In Britain a yield of ten to 
twelve bushels of wheat per acre was con- 
sidered to be good. The farmers of the 
time found it increasingly difficult to main- 
tain the crop yields of the land, and this, 
in the face of increasing population, gave 



Map of consumption of commercial fertilizers in northwestern Europe. If data were shown on local 
rather than national scale, the southern parts of Sweden and Norway would be indicated as heavy 
consumers. 
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rise to a growing fear of famine. Produc- 
tion was being maintained largely by clear- 
ing new lands and making use of virgin soils. 
As the areas of such lands were declining, 
serious-minded students began to lear that 
the day of exhaustion of th(‘ soil was rapidly 
approaching and that the time would soon 
come when the population of the world 
would be sulfering from malnutrition and 
later be subject'd to starvation. Under 
these conditions there is little wonder that 


specter of want has been routed, and the 
world now gives promise not only of greater 
production but also of more prolonged pro- 
duction than seemed possible to students 
of earlier times. Thus, the achievements 
of agricultural science have given us a 
world of renewed youth in which to live. 
This accomplishment is of course the re- 
sult of several factors, such as improved 
methods of tillage, crop adaptation, and 
the introduction of new improved varieties; 



Use of commerci.il fertilizers in tlie United States Sonic commercial fertilizers are used even in tlie 
states shown blank, but on a state-wide basis, percentage is .still low, although known to be inerea.sing. 


people began to think of the world as 
growing old. Old connotes waning power 
and lessened productivity. 

In many countries, productivity of the 
soil has been radically changed during the 
past few centuries. England now averages 
about thirty bushels of wheat to the acre. 
Denmark, southern Scandinavia, and the 
adjacent lowlands of Germany and the 
Netherlands produce average yields of 
thirty to forty bushels per acre, although the 
land has been tilled for centuries. The 


but in the whole scheme the use of mineral 
fertilizers has played an important part. 

In Europe the consumption of commercial 
fertilizer reaches its highest point in the 
Netherlands, J3enmark, and Germany. 
( See Ulus. p. 318, Map of Europe. ) How- 
ever, if the amount of fertilizers used could 
be limited to specific areas where applied 
instead of to the entire country as shown on 
the map, we would find that the same de- 
■^ee of intensity applies to southern Swe- 
den, southern Norway, eastern England, 
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and northeastern France. All these com- 
prise an area where yields per acre are 
highest, and this is largely a response to the 
heavy applications of fertilizers and barn- 
yard manures. It is quite true that fertili- 
zers are expensive, but the added expense 
is more than compensated if good markets 
are available and the pressure of population 
on the land is heavy. 

Commercial fertilizers in the United 
States. The fertilizer industry has become 
one of the large industries of the country 
and one of growing importance' to the suc- 
cess of agriculture in many sections. The 
output of American fertilizer plants has in- 
creased from less than 3 million tons in 1899 
to more than 10 million tons at present, an 
increase of nearly 250 per cent. The in- 
dustry, with respect to both production and 
consumption, is developed most extensively 
in the eastern parts of the country, through- 
out the states from Maine to Florida, al- 
though in the aggregate the hea\'iest use is 
in the southeast. There the population is 
dense, much of the land has been farmed a 
long time, rainfall is heaviest, temperatures 
arc relatively high, and thus the soils have 
been leached most severely. The eastern 
states, which comprise about one-fifth of 
the nation’s land area and farm acreage, 
contain about 80 per cent of the fertilizer 
plants, produce more than 80 per cent of the 
output, and account for 80 to 85 per cent 
of the consumption of commercial fertilizers 
in this country. In rec'cnt years, however, 
the use of fertilizers has been intensified in 
the Pacific Coast states and has even been 
extended into the prairie states of the Mis- 
souri Valley. This is especially true where 
irrigation has been introduced and where 
for many years large yields were obtained 
from the native soils without the use of 
commercial fertilizers. It has now been 
found that on these irrigated lands produc- 
tivity per acre, which has been slowly de- 
clining, can be economically increased by 
the proper application of fertilizers (see 
Ulus. p. 319). 

The fertilizer industry of the United 
States is dependent upon foreign countries 


for part of its raw material, but not to the 
extent that was true a quarter of a century 
ago. The value of imports declined from a 
yearly average of 57 million dollars in 1921- 
1925 to an average of only 35 million dollars 
in 1935-1939. The decline is attributed to 
the discovery and exploitation of potash 
salts, particularly in New Mexico and the 
adjacent portion of Texas, and to the erec- 
tion of nitrogen fixation plants in this coun- 
try, thus reducing the imports from Chile. 

Fertilizers may be applied separately, 
and many agriculturists prefer to purchase 
the several ingredients and to prepare mix- 
tures in accord with what they believe to be 
the needs of the particular fields to be tilled. 
Others, however, prefer to buy ready-mixed 
fertilizers preparc'd according to formulae 
worked out by soil students and farm mana- 
gers to fit the general needs of soils in par- 
ticular comminnties. According to the lat- 
est data available, about 50 per cent of the 
fertilizer used by the farmers of the United 
States is purchased in ready-mixed form, 
commonly known as C'ommercial fertilizers; 
the remaining 50 per cent consists of mate- 
rials which may be applied separately, 
mixed by the farmers themselves^ The 
mixed fertilizers are usually designated by 
numerical symbols which rc'fer to the three 
essential ingredients, namely, nitrates, phos- 
phates, and potash. Thus, “3-8-4’' is a fer- 
tilizer which has a plant food content of 3 
pounds of nitrates, 8 of phosphates, and 4 
of potash ill each 100 pounds of the ferti- 
lizer as purchased. The remaining 85 
pounds consist of carriers, generally mate- 
rials which have a beneficial action on the 
soil. Some form of lime is ordinarily the 
chief constituent of this carrier material. 

Principal kinds of commercial fertili- 
zers: 1. NmiATES. Nitrogen is the most 
expensive of the fertilizer materials. It is 
the chief constituent of the air, the supply 
in nature being inexhaustible, but it may be 
obtained indirectly from other sources as 
well. Heavy expense is involved in ex- 
tracting the nitrogen from the air, or from 
other sources, and converting it into a form 
fit for plant food or industrial purposes. 
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The indirect sources of nitrogen include, 
for example, dried blood and tankage from 
packing plants, fish scraps, dried crabs, and 
other fish refuse. The use of fish as fertili- 
zer is still practiced extensively in parts of 
Japan and in coastal areas of the Old World 
where fish are plentiful and land is scarce. 
This is a practice of long standing in the 
New World as well. It is claimed that the 
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thus set by Nature is now emulated by man 
through the introduction of legumes into 
rotation systems of farming in order to 
replenish the nitrogen lost through continu- 
ous cropping. The soil is enriched by ni- 
trogen fixation caused by the activities of 
bacteria in connection with the root systems, 
while at the same time the legumes them- 
selves can be harvested and used for feed, 



Photo by John L Rich, Aincrwan Geological Society 

Nitrate. Nitrate plant in a salar, or dried up lake, 32 miles northeast of Iqui(|iie, Chile At the right 
IS the pitted surface from which the caliche (nitrate ore) has been dug; in tlie center is the processing 
plant where the nitrate is extracted from the earthy caliche; to the left is the main dump where the 
refuse IS deposited on llic smooth floor of the salar. 


Indians showed the first settlers of Ply- 
mouth, Massachusetts, how to produce 
Indian corn by placing a fish with every 
hill of seed. 

Native prairies, particularly in the interior 
of the Middle West, were characterized by 
a grassy vegetation interspersed with nu- 
merous legumes. These legumes contrib- 
uted greatly to the high fertility of the 
soils of the prairies when these were first 
placed under cultivation. The example 


or, where additional organic matter is 
needed in the soil, they can be plowed 
under to serve as green manure. 

Commercial fertilizers, however, either 
make use of nitrate obtained through fixa- 
tion from the air by means of chemical 
processes or of nitrates obtained from desert 
areas where the mineral nitrate has accumu- 
lated as a result of evaporation of waters 
under arid conditions. Mineral nitrate is a 
product of the desert. Although small 
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quantities have been produced in Death 
Valley, California, and in some other desert 
areas, from a commercial point of view 
Chile has long been the world’s only im- 
portant source of supply. The practically 
rainless desert of northern Chile, which is 
located between the lofty peaks of the 
Andes and the Pacific Coast, has been found 
to contain the world’s greatest store of 
mineral nitrates. These deposits of soluble 


by hot watei, thus separating it Irom the in- 
soluble, earthy material. The solution is 
then evaporated to dryness and the nitrates 
precipitated as salts in a manner similar to 
that used in precipitating sugar from cane 
or sugar-beet juice (see Ulus. p. 321). 

Historical sketch of the development 
OF Chilean NiTHAni. Commercial exploi- 
tation of the Chilean deposits began in 1830, 
but not until the late 1870’s had large pro- 



Courtexy Chilean Nitrate Educatitmal Bureau, New York, 

Nitrate. Bagged nitrate ready for shipment. This is the “end product” of the type of processing 

plant shown in the previous illustration. 


nitrate of soda have been slowly concen- 
trated there through the ages, and man's 
exploitation is likely to be a harvest of short 
duration in comparison with the period of 
accumulation. The mining methods are 
relatively simple. The cover of a few feet 
of non-nitrogen-bearing materials is re- 
moved by steam shovels, and below it is 
found the relatively soft nitrate ore, known 
as caliche. This material is loaded by 
steam shovels into cars and hauled to the 
refining plants, where the nitrate is dissolved 


duction been attained. The deposits then 
had been developed largely by Chileans, 
although the nitrate fields were in lands 
belonging to Peru and Bolivia. The War of 
1879-1882, between Chile on one side and 
Peru and Bolivia on the other, ended in a 
decided victory for Chile; as a result, Bo- 
livia and Peru had to give up their nitrate 
lands and Chile became master of the 
world’s greatest nitrate deposits, receiving 
what proved to be a colossal indemnity. 

The nitrate industry of Chile ordinarily 
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employs over 40,000 men. It has trans- 
formed a barren desert into an area of indns- 
trial activity. It has stimulated the growth 
of coastal towns and railroad facilities and 
through export ta\(*s has contributed much 
to the* nation’s income. In earlier years the 
export tax on nitrate* contributed as much as 
80 per cent of the nation’s revenue. Taltal, 
Antofagasta, Tocopilla, and Iquique are the 
best-known shipping ports. Much of this 
industrial glory is facing a questionable 
future* because of the expanding output of 
synthetic nitrogen in tlie United States and 


thetic nitrogen production in this country, 
Chile s exports will remain quite important 
because of the low-cost ocean transporta- 
tion from Chile to the eastern markets of 
this country. In the past, the Old World 
purchased large quantities of Chilean ni- 
trate, but in r(*cent years this market has 
almost vanished. The rapid development 
of processes for making artificial nitrates at 
steadily decreasing costs in Americ'an and 
European t*ountries has caused Chile to lose 
her monopolistic position in the world’s 
nitrate industry. In 1885 she produced 



Nitrate. Annual exports of Chile since 1880. When was the peak of exports reached? Wliat 
reason tan h(' guen for the serious deeliiie shown between 1930 and 1935? What factors were 
important in 1941-1945? Downward trend resumed in 1947 and 1948, exports below 2 million tons. 


Europe. Although the percentage of the 
world’s nitrate provided by Chile has 
steadily declined, the actual exports, while 
subject to violent oscillations as a result of 
war conditions, have also declined (see 
Ulus, above). 

Intcrnational iTiADE. As indicated in 
the graph, the exports of nitrate from 
Chile have shown wide variations, a condi- 
tion which is not conducive to steady pros- 
perity. The United States has provided a 
market which has taken 40 to 50 per cent of 
the Chilean output, and it is probable that, 
despite the increasing expansion of syn- 


nearly 85 per cent of the world’s nitrogen 
requirements, but she has now been re- 
duced to a position of meeting less than 10 
per C'ent of the world’s demand. However, 
even though the prominence of Chile has 
been lost forever, all indications point to 
the continued exploitation of the deposits, 
and Chilean nitrate will continue to be an 
important resource for use not only in nor- 
mal times but particularly in emergencies 
of world-wide scope. 

2. Phosphate rock. Rock phosphates 
are chiefly phosphates of lime, and although 
their foremost value as fertilizers depends 
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(A.) Pliosphates. Scini-iogarillimic drawing Annual pniduction of pbosjdiate rock, principal 
countries since 1938. In terms of totals liow did tlie United St.lt<*^ rank with the combined pro- 
duction of the North African countries in 1946? 


on their phosphorus content, most soils that 
need phosphorus also need lime. In addi- 
tion to their importance as fertilizers, the 
phosphates constitute the raw material for 
a number of industrial products, and there- 
fore, like salt, sulphur, and nitrates, they 
are also of great importance in the chemical 
industries. Tlie United States has consist- 


ently been the principal producer of phos- 
phates during the present century. The 
countries of northern Africa taken collec- 
tively constitute the major C‘ompetitive re- 
gion outside the United States, Jlnd in 
some years their combined production has 
excc'eded that of this country (see Ulus, 
above). In Africa, Tunisia has been the 



(B.) Phosphates. Map of Nauru and Ocean Islands to show location in the South Pacific. 
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leading country for a number of years, but 
the continuing trend favors French Morocco 
for leadership in that area. The principal 
producing centeis, aside from the United 
States and North Africa, are the islands of 
the South Pacific, particularly Nauru and 
Ocean Island west of the Gilbert Islands. 
During the years preceding World War II, 


the United States and North Africa each pro- 
duced approximately 40 per cent of the 
world s supply, with the remaining 20 per 
cent being widely distributed among nu- 
merous countries and islands, but with 
Nauru and Ocean Island contributing about 
10 per cent of the world total. War condi- 
tions reduced production in areas outside 



Courti'sy Coronet Phosphate Company, Plant City, Florida. 

( B. ) Phosphates Dragline feeding phosphate matrix to sump on ground surface where it is subject to 

washing 
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the United States in marked degree, thus 
causing a decline in world production. 
During the same period, however, the trend 
was distinctly upward in the United States, 
causing this country to produce nearly 60 
per cent of the recorded world output (see 
Ulus. p. 327), 

Phosphate rock in the United States. 
While phosphate rock is known to exist in 


but at that time they began an upward 
trend which was somewhat erratie and slow 
until 1947, when production was more than 
double what it had been in any preceding 
year. 

Phosphate production in Florida is 
favored by low eost of mining, huge re- 
serves, nearness to domestic markets, and 
ocean transportation to foreign markets. 



Courtesy Corofwt Phosphate CurnjMiny, Ploni ('itii, Honda 

Phosphates. Processing plant where phosphate rock is treated to make it usable as mineral supple- 
ment in foodstuffs. Note long, rotary kiln in which the crude phosphate is heated as part of the con- 
centration process in preparation of phosphate for agricultuial or industrial uses. 


a number of states, commercial production 
is limited to relatively few. Florida has 
long held undisputed supremacy in the out- 
put of phosphate rock, a position which she 
still holds, being credited with 67 to 72 per 
cent of the nation's total (see Ulus. A, p. 3&). 
Tennessee, as may be noted from the graph, 
holds second place and has shown a marked 
increase since 1935. The western states, 
Utah, Idaho, Montana, and Wyoming, until 
1935 had been producing small quantities. 


The rock phosphate occurs either as a solid 
ledge known as “hard rock” or as an uncon- 
solidated thick layer known as “pebble 
rock,” which is overlain by a comparatively 
thin overburden, readily removable by 
steam shovels. The pebble-rock layer is so 
friable as to make low-cost hydraulic min- 
ing possible (see Ulus. B, p. 325 and above). 

The increasing importance of intensive 
agriculture in the Pacific Coast states has 
given rise to important markets for phos- 
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phates, and this, together with increasing 
demands ior commercial fertilizers within 
the Mississippi Valley area, has induced 
exploitation in the western part of the 
United States, wliere extensive deposits of 
phosphate rock have for some time been 
known to exist. In Utah, Idaho, Montana, 
and Wyoming large reserves of phosphate 
lock have been mapped, thus giving assur- 
cincv of unfailing supplies for many decades 
to come. The most recent trend of produc- 
tion indicates that this westeni center may 
rt'adily reach high importance’ and in time 
eejiial phospliatc’ production of Florida and 
Te'imesse^e’ (sre Ulus. A, p. 325). 


oeeded 1,100,000 long tons; in 1947 our 
total exports reached 1,685,000 long tons. 
Europe is and consistently has been the 
most important customer, but in recent 
years Canada has become one of the leading 
markets. During the period immediately 
preceding World War II, Japan was one of 
our greatest foreign markets. This trade 
of course was disrupted by war conditions, 
but it seems probable that the necessity for 
high crop yields in order to support the 
dense population is so great that Japan 
will reach its former market status within a 
short time. 

In the United States, all indications point 



The steady ri.se in the apparent consump- 
tion of pliosphates in the United States is 
clearly shown on graph above. , This rise 
lias been most conspicuous during the past 
decade; in 1937 the apparent consumption 
was approximately 2,900,000 long tons and 
in 1947 it had reached 7,400,000 long tons. 
The increasing importance of the western 
states in this expansion is indicated by the 
fact that they produced only 3.3 per cent 
of the smaller total in 1937, compared with 
13.1 per cent of the larger total of 1947. 

Large quantities of phosphate rock are 
exported by the United States every year. 
During the five-year period ending in 1939, 
the average annual exports slightly ex- 


to the c*ontinued importance of phosphate 
rock as a raw material for the manufacture 
of commercial fertilizers and for use in 
industry. The trend now in progress will 
undoubtedly continue because reserves are 
large, and the demands are increasing bc- 
c*ause of pressure upon the land for added 
production, a factor still further augmented 
by the steadily increasing population of the 
United States. In the export markets, com- 
petition from North Africa and from the 
South Sea Islands is likely to increase, and 
supplies from those sourc'es may reduce 
the percentage of American sales in the 
Mediterranean lands and in southern Asia. 

3. Potash. Potash is a term applied to 
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saJt-like materials wherein the clement po- 
tassium (Kalium) is the essential ingredi- 
ent. Statistically, it is usually given in one 
of two designations — crude potash or po- 
tassium oxide. By custom, and irrespec- 
tive of the form and degree of purity, the 
content is expressed in terms of equivalent 
potassium oxide (KoO), a compound never 
found in nature. Practically all of the 
world's supply of potash is obtained by 
mining various sedimentary rocks, such as 
those in central Germany and in the Carls- 
bad district of New Mexico, and by treating 


ductivity may be restored or increased by 
the application of suitable potash fertilizers. 
His discoveries are generally credited with 
marking the introduction of the scientific 
use of mineral fertilizers into agricultural 
practices. 

Potash-bearing materials from which pro- 
duction is now obtained, and those which 
comprise possible sources, may be classified 
as follows: (1) Highly water-soluble min- 
erals, either in the form of brines or as solid 
deposits in which the potash occurs. In 
general, the advantage of sucb minerals is 



natural brines, as at Searles Lake, Califor- 
nia, and Bonneville, Utah. 

Potash is an important ingredient in 
chemical manufactures and is used in many 
industrial products such as chemicals, medi- 
cines, paints, paper, and bleaching agents. 
However, its greatest use is in agriculture, 
especially in Europe and in the New World, 
where it is indispensable if high yields are 
to be obtained. Justus von Liebig, a promi- 
nent German chemist, in 1850 discovered 
that potash c*ompounds constitute essential 
plant foods in the soil which are not readily 
replenished by nature. Since continued 
cropping leads to serious depletion of avail- 
able potash, this causes crop yields to de- 
cline. Von Liebig discovered also that pro- 


that the ores do not require as elaborate 
treatment to condition them for use in fer- 
tilizers as do less soluble minerals. (2) 
Potash-bearing minerals, such as green 
sands and certain shales, in which the 
potash-containing constituent is insoluble 
but from which water-soluble potash can be 
produced by chemical treatment. ( 3 ) Sun- 
dry materials, such as the flue dust of Port- 
land cement plants and blast furnaces, from 
which potash can be recovered as a by- 
product. (4) Miscellaneous materials that 
will yield potash, the most plentiful of 
which is sea water. 

The first of these sources furnishes by far 
the larger part of present world produc1:ion, 
but each of the otiiers is of commercial im- 
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portance in some places. Dust from flue 
gasses of cement and blast furnaces is in- 
creasingly important in the United States, 
but the major production in this country is 
obtained from the potash beds near Carls- 
bad, New Mexico, from the natural brines 
of Searles Lake, California, and from brines 
in Utah. 

Potash in Tins United States. Prior to 
World War I, the United States was almost 
completely dependent upon Germany and 
France for its potash supplies. When war 
conditions cut off these sources, the scarcity 
of supplies led to record-breaking prices 
and the development of domestic sources. 


Searles Lake, California, also came into 
potash production during World War I in 
connection with the emergency demands 
for potash, but because of the accessory 
minerals found in its brines, it was able to 
continue production under normal peace- 
time conditions. 

The potash output of the United States 
has increased steadily since 1921. Success- 
ful commercial activity has been continued 
at Searles Lake, but at the present time 
the Carlsbad field of New Nlexico is the 
scene of the most extensive mining opera- 
tions and provides by far the major part of 
the production in this country. Since 1941, 



Some of the alkali lakes of the we.stern part 
of the sand hills of Nebraska, which had 
been proved to contain potash salts, 
attracted attention and experimentation. 
Commercial production began in 1915, and 
by 1918 Nebraska had become the major 
source for the domestic production of the 
much needed potash. However, since the 
brines had to be evaporated by means of 
expensive fuel and machinery, production 
costs were high. When the war was over, 
competition of European potash could not 
be met, and the end of the potash dreams 
of the ranchmen in the sand hills came al- 
most as suddenly as the dreams themselves 
had begun. 


the United States has been producing an- 
nually a .supply of potash greater than mar- 
ket conditions have demanded, and thus 
the nation has become an exporting instead 
of an importing country (see Ulus, above 
and A on p. 330). 

It should be understood at the outset that 
commercial potash is a product that must be 
processed to a greater or lesser degree from 
the original salts, because of the presence of 
impurities. The two principal uses of 
potash are ( 1 ) for fertilizer, the potash thus 
used being referred to as agric^tural pot- 
ash, and (2) for use in the chemical in- 
dustries, where a high degree of purity is 
necessary, and known as chemical potash. 
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Polfi'tfi ('ompnutj oj hncwin raiJ>shiui Vrit' Mrxicrt 

(A.) Potash Proc'i'SMiij^ plant near Carlshad, New Mexico Note si/e <uul eipiipinent in use Crude 
potash from the mines is here converted into fonns toi use in tlie leitili/ei *iiid eheniiiMl iniluslnes 


On the basis of the record for the five-year 
period, 1941-1945, inclusive, the average 
annual production of crude potash in the 
United States was 1,054,000 short tons, of 
which the potassium oxide equivalent aver- 
aged 730,400 short tons. Thus, on the basis 
of the record quoted, the KjO equivalent 
was 69.3 per cent of the crude ( see Ulus. p. 
328). 


Extensiv(‘ beds of potash salts hav e been 
found in New Mexico, with ]')r()l)abl(‘ ex- 
tensions into Texas. Other e\tens]\’o pot- 
a.sh-beariiig lormations haxe been found 
to occur under soniewliat less favorable 
conditions in Wyoming and Utah. These, 
together with the known brin(‘s of tlie salt 
lakes in Narious ])arts of the United Static, 
seem to make it certain that this country will 
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not again beawoe dependent upon foreign 
sources of supply for this vital fertilizer and 
chemical raw material. Whether exports 
can be continued with increasing competi- 
tion from European sources, particularly 
Germany, France, and the Soviet Union, 
may be debatable, but it now appears that 
American production can be* profitably 
maintained to meet domestic demands and 
also to meet the needs of adjacent neigh- 
boring markets. 

Potash in Europe. During the years 
prior to 1930, 90 per cent or more of the 
world’s production of commercial potash 
was derived from the soluble potash salt 
deposits of Germany and France. The 
German deposits occur on the flanks of the 
Harz Mountains and extend northwest un- 
der the lowlands of Hanover and southwest 
into Thuringia; they underlie an area esti- 
mated to eover at least 25,000 scpiare miles. 
The French deposits are in the upper Rhine 
Valley near Miilhouse, where the producing 
area has been estimated to include about 70 
square miles. Estimate's of the Gennaii 
potash rese'rves vary widely, but even the 
most eon.servative figures gi\'e assurance 
that at the jire.sent rate of consumption they 
will suffice to meet the potash demand for 
a thousand years or more. The deposits in 
France are estimated to be great enough to 
supply any probable demands for more 
than a century. 

German and French trade in potash. 
The potash industries of Germany and 
France have supplied not only the great 
markets within their own borders but a large 
foreign market as well. The domestic mar- 
kets have from the outset beeil due to the 
extensive use of agricultural potash, and 
more recently to the increasing importance 
of potash in the chemical industries. 
Among foreign customers, Britain and the 
low countries of northwestern Europe, from 
Belgium to Scandinavia, have provided the 
most important outlets. The Netherlands 
has long been using the most potash in pro- 
portion to area because of the intensive 
type of agriculture practiced and the potash 
deficiency of the soil. 

Since World War I the international 


potash picture has changed, particularly 
because of developments in the Soviet 
Union and the United States. These two 
countries have ceased to be important mar- 
kets for French and German potash and are 
now capable of surplus domestic produc- 
tion which will proN'ide competition in in- 
ternational trade. The change was acceler- 
rated by the tendency of the European pro- 
ducers to organize cartels whereby prices 
were agreed upon and the markets divided 
among the producers so as to make possible 
.sales at abnonnally high figures. This 
practice induced other countries to seek 
deposits within their own borders and to 
experiment with new production and re- 
fining methods in order to promote domes- 
tic production for the protection of their 
own national intere.sts. 

The (iENERAL OUTLOOK FOR IHE WORLD’s 
potash industry. Let it be understood 
clearly that Germany has consistently been 
and still remains the world’s foremost pro- 
ducer of pota.sh salts. Her reserves are 
tremendous, mining ainditions are favor- 
able for large-scale output, and technologi- 
cal development seems to assiue Germany's 
high position as a producer for countries 
outside her own borders during the foresee- 
able future. France likewise will probably 
continue to be one of the principal potash 
producers but will feel keenly the effects of 
competition from Germany and from other 
countries so far as her export markets are 
concerned. In recent years, large .stores of 
potash salts have been discovered in Spain 
and ill the Soviet Union, and both countries 
appear to be capable of exporting consider- 
able quantities of potash during the years 
ahead. Russian output is increasing, and it 
appears probable that she has attained and 
possibly is exceeding the present output of 
pota.sh in the United States; but Russia 
needs huge supplies of this fertilizer to meet 
her domestic needs. In the United States, 
while the known reserves are not so great as 
those of Germany, estimates indicate that 
they are great enough to meet the needs of 
this country for the foreseeable future. 
Development has proceeded with unex- 
pected rapidity, and commercial develop- 
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merit on a large scale has been attained in 
New Mexico, California, and Utah, with 
prospects for continued increase in this re- 
gard. The rapidly expanding demands in 
connection with American agriculture be- 
speaks an expanding market tor all the es- 
sential ingredients of mineral fertilizers dur- 
ing the years ahead. Through scientific 
use of fertilizers, the productivity of the 
land can be increased with resultant in- 
crease in prosperity. The possibilities now 
known to exist surpass the dreams of the 
past; their achievement becomes the test 
of mans ability to use wisely the knowledge 
that has become available. 
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THE ECONOMIC SIGNIFICANCE 
OF POWER UTILIZATION 


ThK ABILirS' OF MAN TO PRODUCE 

goods with increasing efficiency is the basis 
of the material welfare of the industrial 
nations today. With the increasing effi- 
ciency in the use of the sources of energy now 
known and being exploited, and with the 
additional possibilities that may come with 
sources of energy known but not now ex- 
ploited, such as those of the tides, uranium, 
direct solar energy, perhaps even the en- 
ergy of cosmic rays, we may expect the 
luture to be marked by achievements of still 
greater industrial importance. 

TAe earliest power resources. All the 
evidence now available upholds the idea 
that ill prehistoric times women were the 
ones who domesticated plants and first 
tilled the soil with sticks or branches, stones, 
and bones, cnidely fashioned into the prede- 
cessors of the modern hoe, spade, and rake. 
It seems probable that for doing work of 
this kind some animals more tractable than 
others were induced to pull boughs or 
branches over the newly spaded ground in 
order to prepare a better seedbed for the 
crops to be tended. Having thus found an 
animal which was tractable and perhaps 
even docile, it seems likely also that woman 
in her attempt to provide additional food 
for her offspring resorted to the milk supply 
of certain wild animals. She was thus led 


to take care of the young of such animals, 
to make friends with them, and to domesti- 
cate them. In some sueh manner, long be- 
fore the dawn of recorded history, plants of 
value to man as foodstuffs were selected 
and animals were domesticated to serve 
directly as sources of food and of power to 
supplement muscular energy. Neverthe- 
less, the extent to which man could use ani- 
mals for this purpose was slight, and he con- 
tinued to depend in large measure upon his 
own muscular energy to carry on the pro- 
duction processes necessary for his exist- 
ence. 

Human slaves as power resources. The 
necessity of supplemental power to create 
high standards of living for some served un- 
til quite recently as the basis for wide- 
spread systems of human slavery. In the 
wars of ancient and medieval times, the 
victors obtained from the ranks of the van- 
quished slaves to be used as household serv- 
ants, hewers of wood, drawers of water, 
pullers of loads, and motive power for mer- 
chantmen and naval vessels. The produc- 
tion per slave was small, yet it was some- 
what greater than was necessary to keep 
him alive and fit for work. The surplus 
production thus available aided in supply- 
ing the ruling classes with the luxuries 
which they demanded and in sustaining a 
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leisure class essential for intellectual prog- 
ress. The latter of course means a leisure 
class only in the sense that it is a class re- 
lieved of manual labor and earning its right 
to live through its cultural wntributioiis. 

During most of the historic past the bulk 
of the people toiled with low production 
per capita and but slight available surplus. 
As a result, they lived on a standard so low 
that today we would consider it to be sub- 
marginal, whereas the aristocracy with all 
its wealth and luxuries in many cases did 
not have the comforts that are available to 
most of tlu* common people in the progres- 
sive nations of the present. This aristoc- 
racy, however, was largely instrumental in 
sponsoring the progress of the arts and 
sciences. The steady advancement of man- 
kind in science and in the fine arts has been 
due in no small measure to the constructive 
accomplishments of the useful part of this 
class. “Tlie Golden Age of Perick's’* is 
often referred to as representative of man’s 
highe.st intellectual achievements. Midst 
praise of this type, it is well to bear in mind 
that the term is a tribute to the achiev ement 
of part of the aristocracy of that day, that 
the great mass of the people were but little 
above the status of slaves, and that only a 
small percentage were participants in the 
comforts and enlightenment which now are 
extolled as representative of the period. 

The pre-industrial era of colonial days 
in the New World. In order to picture 
clearly the tremendous progress which has 
been made in the past two centuries, it is 
helpful to give brief consideration to the 
industrial conditions which prevailed here 
and elsewhere during the period of British 
colonization in the New World. Manufac- 
tures were then almost entirely on a handi- 
craft basis, and the equipment was simple 
indeed, as is shown by the fact that the 
shoe factories of those days were merely 
groups of cobblers in a large room. 

In any new country where contacts with 
the outside world are slow and difiBcult, men 
turn first to agriculture because they must 
eat to live and they must farm for food. In 
the colonial days of North America this ten- 
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dency was fostered further by ready mar- 
kets for the agricultural products. Grain 
growing became dominant in Pennsylvania, 
Delaware, and the valley lands of New 
York, because the breadstuffs could be sold 
at a profit in New England and in the West 
Indies. New Jersey, because of her abund- 
ance of grasslands interspersed with fertile 
valley lands, became a grazing and cattle- 
feeding settlement. Virginia and her 
neighbor colonies early learned the art of 
cultivating tobacco, a native x\merican 
plant, and held virtual monopoly in that 
field with profits so high as to justify im- 
ports of many lines of needed goods. Far- 
ther south the cultivation of rice and other 
grain crops and cotton became the princi- 
pal pursuits. Under these conditions it 
was little wonder that manufacturing on a 
factory basis did not develop on a large 
scale south of the Hud.son and that home- 
crafts were the dominant phase of the local 
industrial life. 

In its agricultural aspects, New England 
was different from the colonies farther 
.south. Because of shorter growing sc'asoiis, 
more rigorous winters, and less easily 
cleared soils, she could not compete ija gen- 
eral agriculture with her iu*ighbors. Local 
agricultural productivity was so low that 
the most arduous toil earned on with the 
simple tools of the day did not suffice to 
bring forth any surplus of foodstuffs. The 
chief product of the land available to the 
New Englanders for exchange was white 
pine, which was especially in demand as 
masts for the .sailing vessels of the times. 
Since New England was thus handicapped 
in agricultural pursuits, and .since she was 
favored by .seaboard location, she found it 
advantagt*ous to import staple foodstuffs 
rather than to depend solely on her own 
production. 

Shipbuilding and c*ommerce were favored 
by the forest resources and the protected 
waters of New England. Commerce led to 
manufacturing, particularly of such articles 
as were needed for equipment or supplies 
for ships. Iron manufactures became im- 
portant, because even in the days of wooden 
ships much iron was needed for rods, 
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bolts, and rivets. Massachusetts became the 
leading iron-maniifactiiriiig colony and re- 
mained so for more' than a century prior to 
the War for Independence. Rope was 
needed by ships, and the impetus of this 
early industry is still reflected in the loca- 
tion of on(' of the largest rope factories of 
the United States at Plymouth, not far from 
tlu' famous rock. (Cooperage became a 
prosperous industry because of the timber 
readily available and the markets furnished 
by the demands for barrels to be used in 
ocean freightage. Tlie demand for sailors* 
clothing led to the establishment of tailor- 
ing concerns in the seaports, and thus the 
foundfition was laid for an important cloth- 
ing industry. Manufactures which made 
use of imports of cheap raw materials con- 
stituted another phase of industry to which 
New England naturally turned. Illustra- 
tions are loimd in the crude* sugar which 
was brought back from the West Judies and 
refined in New England for the domestic 
markets, and in the molasses which was ob- 
tained chiefly in the islands of tropical 
America, brought back to New England, 
and then* distilled into rum — not a small 
item, when ships’ allotments of rum for the 
.sailors were deemed as important as the 
allotment foi bread. Fish oils were sources 
of illuminants and lubricants, and therefore 
the refining of such oils became important. 
The preservation of fish depended almost 
entirely upon the use of salt, and so the 
manufacture of salt from ocean brines be- 
came an important industry m early New 
England. 

For many of the activities mentioned 
in the preceding paragraph, power was 
needed, in fact it was absolutely nece.ssary 
for a high degree of success. In this re- 
gard, New England was favored by numer- 
ous ponds and marshes out of which flowed 
streams characterized by a)mparatively 
uniform flowage and intercepted by low 
falls and rapids which could readily be con- 
trolled and the water directed against 
wheels. These mills, typical of the early 
water-power developments, were used to 
saw timber into lumber and to grind grain 
into grist. Before the day of huge dams 


and generation of electricity, they provided 
New England with a power resource that 
could be controlled and utilized to advan- 
tage under the competitive conditions of 
the times. 

The diverging tendencies thus outlined 
characterized the industrial development 
of the colonial period in North America. 
Factories developed and prospered in New 
England, while agriculture, together with 
home crafts, dominated the colonies south 
of the Hudson. Whether the activities 
were of the so-called factory type or the 
home crafts, water-power ])lants were the 
only source of mechanical aid in doing 
the work. The ratio of human energy to the 
total energy expended was high and output 
per man was low. The inevitable result 
was of course long working hours and little 
surplus production. All who were able to 
do so toiled. 

In England, however, more progress had 
been made in industrial dcN clopment than 
was true in the New World prior to the 
close of the colonial period. Development 
in England had been particularly effective 
in the use of coal for .steam engines, because 
the forest n'sources of that country had al- 
ready been seriously depleted and water 
power was not so plentiful as in New Eng- 
land. This development had given the 
Briti.sh quite an advantage in furnishing 
manufactured goods for C'ontinental Europe 
and the New World, and it had given rise 
to factory employment at higher wages than 
could ordinarily be obtained in agriculture 
in that country. Differentiation of industry 
had become pronounced because foodstuffs 
from the New World c*ould readily be im- 
ported and the markets there were seeking 
manufactured goods in exchange for their 
exports of grains and other agricultural 
products. The Industrial Revolution there- 
fore had already made considerable head- 
way in England before the end of the eight- 
eenth c*entury, whereas it did not get under 
way in the New World until later. 

Industrial development in the United 
States: The first period — ^handicraft and 

THE INTRODUCTION OF WATER POWER FACTO- 
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RiES, 1783-1840. During the Revolutionary 
War and in the years immediately following 
there was a great expansion of household 
manufactures among the people of the 
newly formed nation. Cut off from British 
supply, the colonists were compelled to 
make their own products. With labor 
scarce and high-priced, it was natural for 
them to turn to mechanical substitutes, and 
this proved to be a powerful impulse to- 
ward invention and improvements. After 
the war, factory development was ham- 
pered by the lack of capital and the immedi- 
ate profits offered by investments in ocean 
shipping. Later, however, with trade re- 
strictions put into effect, .such as the Em- 
bargo Act of 1807 and the Non-Intercour.se 
Acts of 1809, shipping declined and capital 
again began to .seek inve.stment in indu.strial 
enterpri.ses. Thus, the shift pf manufactur- 
ing from homes to factories and from hand 
labor to machines made but little progress 
in the New World until after the second 
war with Great Britain. 

Before 1812 the cotton mills were small 
affairs limited for the most part to the spin- 
ning of yarn to be sold to hand weavers. 
The first complete cotton-goods factory in 
America was erected at Waltham, Massa- 
chusetts, in 1814, with a loom operated by 
water power. Soon after this, large mills 
were established along the lower course of 
the swift-flowing Merrimac, where large- 
scale water power could be created by the 
building of low dams, which were then the 
only feasible type, inasmuch as Portland 
cement had not yet come into use. These 
developments along the Merrimac gave im- 
petus to the growth of a number of cities, 
among them Manchester, Lowell, and Law- 
rence. Since cotton manufactures did not 
require much skilled labor, they were 
among the first to be established on a large 
scale. Skilled male labor was scarc*e and 
high-priced, and no industry dependent 
upon it could survive the competition of 
the machine factories and the cheap labor 
of northwestern Europe. Young women 
who formerly had no means whereby they 
could become economically independent 
were soon attracted to the factories by the 


opportunity to earn a personal income or 
by the spirit of adventure. Widows and 
unmarried women, galled by being depen- 
dent upon male relatives for charity, hailed 
the factory as their liberator from a type 
of dependency which bordered upon eco- 
nomic slavery. New England thus pre- 
sented a unique labor supply through 
her sailors’ wives, unmarried women, and 
women of the farm, the last-named strug- 
gling against the hardships attendant upon 
trying to make a living upon poorly pro- 
ductive land. 

Water-power plants could be installed at 
minimum c‘o.st along many of the .streams of 
New England because of the numerous 
glacial lakes and swamps which pro\id('d 
natural reservoirs and assured constant 
stream flowage. The dams needed to en- 
large these reservoirs could be con.structed 
at comparatively low cost. Furthermore, 
the expansion of the factory idea came at 
a time when, for reasons already stated, 
the profits of seaborne commerce were de- 
clining and merchants were seeking other 
outlets for profitable investment of their 
capital (see Ulus. p. 337). These various 
factors combined to give New Engla;id her 
early start in the cotton industry and eh*- 
vated her to a position of supremacy which 
was maintained until after the beginning of 
the twentieth century. 

Although steam power had given great 
impetus to factory development in England, 
littie progress was made in the New World 
until after 1815. Various factors were re- 
sponsible for this retarded development; 
among them were (1) the abundance of 
land and the high returns from grain pro- 
duction, (2) the lack of available capital- 
seeking investment, and (3) the substantial 
profits of ocean and coast-wise shipping. 
Furthermore, European capitalists were 
not confident that the new nation had been 
e.stablished on a sound basis, because they 
knew that there were many in the United 
States during the Revolutionary War who 
had preferred the status of an English 
colony to that of an independent state. 
Credit therefore was almost wanting, and 
since steam-operated factories were com- 
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Map of water power plants in operation for mills and factories along the small streams of Worcester 
County, Massachusetts, in 1S30. Note the inimerous plants and their general distribution over the 
county. What must have been true of the relative sizes of the power plants and mills? 
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paratively costly to erect, development had 
to wait. 

The result of the second war with Britain 
changed the political status of the United 
States from uncertainty to certainty. With 
political stability assured, European capi- 
talists soon realized that the United States 
was a profitable field for investment, and 


The beginning of the transition years was 
marked by the dominance of handicrafts 
and by simple factory equipment, while 
animals and small water power projects 
furnished the needed supplementary en- 
ergy. Gradually, however, these activities 
gave way to steam power, with coal becom- 
ing the principal fuel. Machine methods 



CdiirtPsy fialtmorc and Ohio Railroad 

First railway locomotive constructed in America. Built by Peter Cooper in 1829-1830. Tins c rude 
type of locomotive was the pioneer. The decade following 1830 was one of great progress and thus 
initiated the railway age in America. 


consequently both cash and credit became 
available and the times right for rapid in- 
dustrial progress. 

In the United States, steam had become 
successfully employed in stationary engines 
before 1830, with boilers fired with wood, 
however, rather than with coal. Water- 
power plants continued in operation, but 
they were beginning to be supplemented 
ana later were displaced by steam engines. 


had proved their merits and railroads were 
winning recognition as a new and greatly 
needed method of transportation. The 
latter years of the period brought the dawn- 
ing of the steam age; its full light, however, 
did not appear until after 1840 (see Ulus, 
above ) . 

The second period — raE ascendancy of 
STEAM POWER, 1840-1860. Although prior 
to 1840 the manufacturing industries of the 
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United States employed but a compara- 
tively small percentage of the jmpulatioii, 
several of the major groups, particularly 
cotton, wool, leather, and iron, had become 
firmly established. The stationary steam 
engine had been developed into a practical 
power plant and the steam locomotive had 
won recognition as an efficient means 
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the Mississippi Valiev (compare pages 339 
and 340) and agricultural lands were 
thrown open for settlement from the Alle- 
ghenies to the Missouri River. More acres 
were put under the plow between 1840 and 
1860 than in the three centuries preceding. 

Several factors accounted for the rapid 
expansion of the agricultural frontier in the 



hauls to market. Adapted from C. O. Paullin and 
J. K. Wright: Atlas of the Historical Geography of the 
United States, American Geographic Society, New 
York. 


of transportation. The following decades 
witnessed the greatest changes ever experi- 
enced in the operation of factories, in the 
building of railroads, and in the opening up 
of agricultural lands. This period marked 
the change from the water wheel to the 
coal-burning steam engine as the leading 
type of power plant. Railroads were built 
from the Atlantic seaboard to the heart of 


United States. Among the more impor- 
tant factors were the following: ( 1 ) Thou- 
sands of European peasants, poor in goods 
but ambitious to possess farms of their own, 
found the trip to the land of promise made 
possible by the improved means of trans- 
portation. (2) Industrial expansion in Eu- 
rope provided growing markets for Ameri- 
can grain. (3 ) The lure of the frontier and 
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rumors of readily attainable wealth induced 
many easterners to go west (see Ulus, be- 
low). 

These factors were made particularly ef- 
fective by the existence of extensive grass- 
lands we.st of Indiana and the building of 
railroads in the middle part of the United 
States. The prairie soils were fertile and 
easily made productive; to place them 


(see Ulus, below). The expansion of the 
agricultural era which characterized the pe- 
riod fmm 1840 to 1860 could not have oc- 
curred had the steam engine not been 
adapted to efTicient transportation and had 
the land not been such that it could be 
quickly put into production. 

This agricultural expansion had tremen- 
dous effects upon the economic life of the 



Railroads in operation in 1860. The railways had barc-ly begun to be consolidated into sysU'ins in 1840, but in 
the two decades following, the lines east of the Mississippi were operated largely as sy.steins. What were the most 
western cities ser\’ed liy railways in 1860? The pattern for the wliole nation was not fully deM‘lopcd until about 
1885. Adapted from C. O. Paullm and J. K. Wriglit: Aths of the Hisiimeal Geo^raphtj of the United States, 
Ameriean (J(*ographic Society, New' York, 


under cultivation involved merely plowing 
up the sod — no slow clearing of forest was 
necessary and most of the land was boulder- 
free. Although on the new lands large 
yields were obtainable with relatively little 
effort, without markets these would have 
availed but little. The rivers, canals, and 
railways furnished outlets which provided 
the essential connections with the populous 
East and the seaports for shipments abroad 


United States. The farmers on the rugged 
eastern lands found it increasingly difficult 
to compete in grain production with the 
fertile prairies of the Mississippi Valley. 
The developing west provided great mar- 
kets for iron and steel to be used for l)uild- 
ing railroads and for the manufacture of 
farm machinery and household necessities. 
The increasing population gave rise to 
steadily expanding markets for manufac- 
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Location of principal cotton and woolen mills in Worcester County, Central Massachusetts, 1900. 
Consolidation ot operation into larger power units, water power and steam plants, is e\ndent. Note 
contrast in pattern as compared with that in Illustration on page 337. 
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hired goods, obtainable through sale of 
agricultural products. As New England 
found agriculture becoming increasingly 
unprofitable, her people turned more and 
more to industrial pursuits. The inhabi- 
tants of Pennsylvania became aware of the 
demands for coal, iron, and steel, and so 
they turned in greater numbers to coal 
mining and manufacturing (see Illus. p. 
348). 

Throughout this period the expansion of 
steam railways was the most striking move- 
ment. It stamped the life of the nation, 
and it gave emphasis to an industrialized 
northeast, a aitton-growing southeast, and 
a vast grain and cattle farming area in the 
Ohio and Upper Mississippi valleys. In 
this country it was the first act in the open- 
ing drama of steam, played while the cur- 
tain had not yet been lifted to reveal the 
potentialities of the trans-Missouri C'ountry. 

The importance of capital. The In- 
dustrial Revolution, which made its first 
great impact in the New World before 1860 
and continued for two or three decades be- 
yond that date, would have been impossible 
at the outset if capital had not then been 
available with which to finance the rapidly 
expanding railroads and factories. For- 
tunately, the early nest egg of capital, 
earned through the profits of ocean ship- 
ping, gave liberal returns when set to work 
in industry during the early part of the 
nineteenth century. This success went far 
to establish credit abroad, and European in- 
vestors became willing to furnish money at 
moderate returns on reasonable securities. 
Furthermore, the output of gold in Cali- 
fornia after 1848 furnished much needed 
capital during the latter part of this period. 
Money became plentiful and interest rates 
were relatively low. With capital at hand, 
with raw material abundant, and with mar- 
kets expanding, the manufacturing indus- 
tries were rapidly growing into the full 
stature of maturity when they were inter- 
rupted by the Civil War. Great things 
were ahead, although the day of their reali- 
zation was postponed by the conflict. 

Geographical significance of inven- 
tions. Nevertheless, all the lure of free 
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land, the rewards of industrial toil, and the 
wonders of steam railways would have 
proved unavailable had not man done his 
part in providing labor-saving machinery. 
When labor is scarce it becomes costly, and 
man then becomes interested in utilizing it 
with the utmost efficiency. Thus arises the 
incentive for invention, and under this spur 
has come a large percentage of the improve- 
ments which have characterized the indus- 
trial era. American and European inven- 
tions together effectively promoted the in- 
dustrial progress during the past century, 
and the New World with its rich rewards 
for inventive genius furnished the larger 
part of the economic incentive to progress 
along this line. By 1860 coal and steam 
were unchallenged in their supremacy in 
the realm ol applied power, because they 
had van(piish(‘d their industrial predeces- 
sors and other competitors in the realm of 
power had not yet appeared. Coal and 
steam power had caused a far-reaching in- 
dustrial revolution in the United States, 
while, during the same period, there oc- 
curred the greatest agricultural expansion 
that the world had ever experienced. (refer 
again to pages 339-340). 

The third period — ^TIIE SUPREie^ACY OF 
S'lEAM AND THE ADVENT OF ELFCITUCITY, 

1860-1910. The period of expansion prior 
to 1860 led the United States to the thn^sh- 
old of industrial greatness. The following 
half century was marked by the increasing 
importanctJ of the nation and its gradual 
attainment of high rank within the inner 
circle of the world’s great powers. Before 
1860 the railroads had barely crossed the 
Mississippi Ri\ er; in the following decades 
several lines, aided by government loans 
and land grants, were built to the Pacific 
Coast, and the Middle West was supplied 
with a railroad network that rivals in 
density that of the East. The agricultural 
frontier virtually disappeared when cattle 
raising, dry-farming methods, and irrigation 
changed the semiarid plains into productive 
lands, and domestic markets were extended 
to include all the territory of continental 
United States, an area of over three million 
square miles. The size of the country, with 
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its diversity of climatic conditions, soils, and 
natural resources and the rapidly increasing 
population provided eflFective stimuli for 
development of production and trade. 
The absence of internal trade barriers en- 
couraged each section of the country to 
engage in the activities for which it was 
best suited and to exchange its surplus 
products for needed goods from other sec- 
tions. Among the changes wrought in the 
period 1860-1910, perhaps none was ot more 
])rofound economic and social significance 
than the greatly increased industrialization. 
Ill 1860, the United States ranked so low in 
manufactures that it was of little conse- 
quence as an industrial nation; in 1910, it 
had become one of the leaders in manufac- 
turing. The growth had been so gradual 
that few people sensed its import. Manu- 
factures had expanded chiefly in response 
to the growing home demands, and the 
entry of American manufactured goods into 
world markets on a large scale had 
begun. 

Tremendous as the growth of industrial 
power had been during the half century 
preceding 1910, it was not highly mobile 
power. Steam had to be used where gen- 
erated. The boiler had to be operated near 
the engine, and, from the engine, power 
could be transmitted only by means of a 
leather belt to a near-by pulley shaft. 

An e\'ent of major significance during this 
half-century period was the introduction of 
petroleum as a source of power. The ex- 
pansion of production from the first well, 
drilled by Colonel Drake near Titusville, 
Pennsylvania, in 1859, to the far-flung oil 
fields of 1910 was a development of star- 
tling magnitude. From its first entry into 
commercial production in 1860, the output 
of petroleum in the United States increased 
to over 209 million barrels in 1910. Kero- 
sene lamps displaced candles and tallow 
dips in nearly all countries of the world, a 
change so important that some students 
considered the kerosene lamp the most ef- 
fective civilizing agent of the times. Petro- 
leum also provided an inexpensive lubricant 
of superior quality when the machine age 
was calling for this product in large quan- 



tities. The development of high-.speed ma- 
chinery which marked the later years of the 
period was made possible by the high- 
quality lubricants derived from petroleum. 

The most radical and far-reaching indus- 
trial event of the period was the introduc- 
tion of electricity into the commercial field, 
starting with the incandescent electric light, 
Edison s epoch-making invention of Octo- 
ber 21, 1879. By 1910 the use of electricity 
had spread far and wide, and, through its 
generation, water power had been de- 
veloped on a scale little dreamed of in the 
days of the mill and brook. Electricity, al- 
though not yet at its zenith as industrial 
power, had bec'ome an important form of 
power applicable to industry. During the 
early part of the twentieth century, how- 
ever, electricity was little more elastic than 
steam power, inasmuch as it could be de- 
livered cheaply only to a compact and rela- 
tively congested population. Where popu- 
lation was sparse or communities remote, 
electricity was generally too costly for in- 
dustrial use. As a consequence, both steam 
power and electricity were then conducive 
to concentration of industry near raw mate- 
rials and particularly near centers where 
large markets were readily available. 
All these tendencies led to an increasing 
congestion of population and the concentra- 
tion of industry and wealth in urban 
centers. 

The fourth period — ^the age of distrib- 
utable POWER, 1910 to the present. 
Until about 1910 factory development 
tended to create small excessively compact 
industrial districts around nuclei of avail- 
able power or great markets (see page 
337). In the years immediately following, 
long-distance transmission of electricity be- 
came practicable, a change of such poten- 
tial consequence that we look upon it as 
inaugurating a new stage in industrial 
progress. Since the resulting tendency is 
definitely toward decentralization of in- 
dustrial enterprises, power available where 
needed tends to discourage undue conges- 
tion of population and thus serves to in- 
crease prosperity and well-being in general. 
Since 1910 there has been constructed in 
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the United States an extensive network of 
high-voltage lines through which electrical 
power is distributed over a large part of the 
country (see Ulus, below). An adequate 
supply of electricity for power and light 
is now indispensable not only to all of our 
cities but also to small towns and villages, 
and thus the electric public utilities today 
constitute a large sector of the business 


field with net investments that are esti- 
mated to exceed 14^ billion dollars.* 

Other fundamental changes since 1910 
include the construction of all-weather 
highways, the universal use of automobiles, 
improvememts in railroad service, the adop- 
tion of airplanes as commercial carriers of 

* Estimate by U. S. Federal Power Commission, 
April, 1949 



Electric generating stations in northern and northwestern New York stale. Note that steam power 
plants for generating electricity occur throughout even this rich water power area. The map is intended 
to bring out emphatically the necessity of steam plants lor generating electricity e\ en where hydroelec- 
tric power is relatively abundant. The blank spaces on the map are served by other companies. The 
distribution system insures readiness of available power wherever and whenever needed — a remarkable 
achievement of the present age. 
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freight and passengers, and the inaugura- 
tion of the first steps toward utilizing 
atomic energy. We can not yet measure 
the effects which will inevitably accompany 
these changes, but that their ultimate re- 
sults will tend toward further decentraliza- 
tion of industrial plants appears to be in- 
evitable. The automobile is largely re- 
sponsible for the popularity of suburban 
residences, thus adding to the value of out- 
lying lands while having the opposite effect 
on lands in the former peripheral areas of 
the cities. The decentralization tendencies 
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in industry are already in evidence in the 
development of local manufacturing vil- 
lages and towns associated with but located 
miles away from such great cities as Los 
Angeles, Detroit, Cleveland, and New York. 
The decrease in population density in the 
downtown sections of London, New York, 
and other large cities illustrates the effects 
of rapid transit on the distribution of city 
populations. 

Although at present we know too little 
about the industrial possibilities of the use 
of atomic energy to forecast with any de- 
gree of certainty the c'ffects which its con- 
trol and utilization may involve, it seems 
highly probable that if and when it be- 
comes available for industrial purposes, 
it will encourage further decentralization. 
Its use, which may become realized within 
the foreseeable future, seems certain to les- 
sen to an even greater extent the need for 
concentration of people in the manufacture 
of goods. Even unharnessed, the atom en- 
courages diffusion of industry as a defense 
measure so long as peace is not assured 

Graphic illustrations of the rclati\'e shift in 
energy sources on a percentage basis since 1899. 

It should be not(*d howexc'r that the total en- 
ergy now needed for power has increased so 
greatly that on a basis of tonnage more coal is 
needed than in 1899. 
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through inteniational agreement. The 
movements now in progress toward de- 
veloping smaller industrial centers where 
workers may have homes or individual plots 
of land are further illustrations of the de- 
centralization made possible by distribut- 
able power. Although the movement to- 
ward decentralization is still in its earlier 
stages, and much further development must 
occur before its effects become generally 
apparent, we believe that continued prog- 
ress along this line is assured. 

fundamental resources essential to in- 
dustrial progress. When man succeeded 
in tapping large sources of natural energy, 
the way was open to eliminate much human 
drudgery. Man must of course continue 
to labor, but now his province lies essen- 
tially in directing machine activity instead 
of functioning personally as a primary 
source of power. The emancipation of 
man from the toil and inefficiency of earlier 
ages and his attainment of high p(ir capita 
productivity are the fruits of our power- 
machine economy. Fundamental to this 
economy is the utilization of the great 
sources of energy: t'oal, petroleum, natural 
gas, water power, and, perhaps within the 
foreseeable future, atomic energy. The 
energy from these sources converted into 
power and applied to raw materials through 
machinery does the work of the times. It 
is to be expected that these trends will con- 
tinue and that the zenith of material prog- 
ress will be attained in due time, provided 


that the social and economic problems at- 
tendant with it are solved. It seems im- 
perative, therefore, that if the values of 
harnessed power made available in its 
distributable forms are to serve mankind 
well, they must be made available to people 
everywhere. If such be possible, it may be 
truly said that, through energy available 
and applied as distributable power, there 
can be furnished food, clothing, shelter, and 
the comforts of travel and luxuries such as 
no people?, not even the wealthiest classes, 
were privileged to enjoy in the past. 
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Chapter Twenty-one 


COAL— A PRIME 

FACTOR IN MODERN INDUSTRY 


Coal was used for heaiing space 
long before it was discovered that its energy 
could be used to generate steam and thus 
be transformed into motive power for in- 
dustrial purposes. The utilization of petro- 
leum and natural gas followed; and when 
Portland cement became practical for build- 
ing dams, large-scale water power added its 
contribution to the list of industrial forces. 
These developments have occurred in such 
rapid sequence during the past century that 
man is still bewilaered by the social 
changes induced by them, changes that are 
still in progress. 

The outlook for many years has tended 
to foster the belief that wal, petroleum, 
and natural gas, all of them nonreplenish- 
able, would become depleted in the fore- 
seeable future and that man’s industrial 
progress would thus be halted, decline be- 
coming inevitable. Fortunately, however, 
the natural stores of these irreplaceable 
power resources were great, discoveries 
have more than kept pace with the rapidly 
increasing demands, and thus the day of 
gloom continues to be deferred. 

In recent years a new source of energy 
and potential power has been brought to 
light. Uranium is no longer merely a sci- 
entist’s dream. Although not yet harnessed 
so as to be regarded as a ready source of 
industrial power, progress in that direction 


has been achieved to the point where suc- 
cess seems assured within a decade or two. 
If and wh(m uranium becomes a source of 
energy and industrial power, it is probable 
that regions now rated as devoid of power 
resources may take on new significance. 
Such appears likely to become true of 
northern Canada, and of the Congo region 
of Africa, where stores of uranium ores are 
known to exist, and, of course, of other 
areas where uranium deposits may be dis- 
covered as the world-wide quest progresses. 

Although changes may be impending 
through discoveries still to be made, coal 
remains the foremost fuel and power re- 
sourc'e upon which modern industry de- 
pends. The enormous expansion of coal 
mining during the past century has been 
due largely to the introduction into our 
factories of labor-saving machinery and 
mechanical devices for power utilization; 
it is also true, however, that such machinery 
could not have been manufactured or uti- 
lized if coal had not been avaOable to pro- 
vide heat and dynamic power. 

; Generally speaking, the great industrial 
nations of die world are the great coal-using 
, nations. The astounding material progress 
made by them has depended more upon 
coal than upon any other source of energy. 
Huge engines convert this energy into 
power for factory operations, steamship 
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PERCENTAGE OF TOTAL 
FREIGHT TONNAGE 

COKE AND COAL 

AGRICULTURAL PRODUCTS 

IRON ORE, IRON AND STEEL 

GRAVEL, SAND AND STONE 
FOREST PRODUCTS 
PETROLEUM AND PRODUCTS 

MILLIONS OF TONS 



(A.) Perccntagf Ircighl tonnage uf principal coniinodities carried by Class I, American steam railways, 
year ended December 31, 1947. Altliongli details vary with diflerent years, the gi'iieral pattern holds 
steady. Source of data: Frcig/if Commodity Statistics, Interstate Commerce Commission, Waslimgton, 
D. C. 



(B.) Coal production of the United States annually since 1830. How does one account for the sharp 
decline in output during the 1930*s? Why the high production during 1945-1948? 
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navigation, and railroad transportation. 
Coal is the principal fuel used in smelters, 
furnaces, and domestic heating plants. It 
is also the source of hundreds of products 
of organic chemistry, many of which are 
key materials without which a number of 
industrial processes would not be possible. 

The economic significance of c'oal in the 
United States is evidenced by the fact that 
in a normal year the output of all kinds of 
coal is well over 600 million tons and also 
by the fact that coal mining gives direct 
employment to about 480,000 men. Coal 
has long been the greatest single item of 
railroad freight (see Ulus. A, p. 348). The 
value of the annual output gives it rank 
among the leading three or four commcxli- 
ties jDrodiieed in this country. The coal- 
mining industry, because of its magnitude 
and intimate relations to other economic 
pursuits, has become rec'ognized as one of^ 
the leading barometers of th(* nation’s busi^ 
ness. After the introduction of the steam 
engine, the demand for coal grew but 
slowly because wood was still available and 
the* quantities needed were relatively small. 
Furthermore, the fireboxes for the boilers 
used in early steam plants were designed 
for wood and did not i unction well with 
coal. But as the steam engine was im- 
proved and enlarged in size, its fuel needs 
increased correspondingly. In response to 
this demand, fireboxes adapted for coal 
were designed and soon became successful. 
Because of the scarcity of timber in Europe, 
production of coal for power occurred there 
sooner than in America. But even so, it 
did not reach great importance in Europe 
until early in the nineteenth century, while 
in the United States coal really did not 
come into its own as a power fuel until after 
1880 (see Ulus. B, p. 348). 

So far as is known, the earliest use of 
coal in what is now the United States was 
by the Hopi Indians of the southwest, who 
used coal for heating their homes at least 
three hundred years before tlie landing of 
the Pilgrims. During the colonial period 
some mining of coal was carried on by in- 
dividuals who found outcrops along valley 


sides and took out small quantities for local 
use. Coal mining as an industry, however, 
can hardly be said to have existed in this 
country until after 1820. In 1821, the 
earliest year for which a record is avail- 
able, the total output was only 1,322 tons. 
Fn)m then on, production increased grad- 
ually with annual tonnage relatively small, 
until the middle of the nineteenth century. 
From 1850 to 1920 each decade virtually 
doubled the output of the preceding one, a 
peak being reached during the period of 
World War I. Although marked fluctua- 
tions have characterized the years since 
1920, the general lev(‘l of coal out^^ut de- 
clined for a while because of the competi- 
tion of petroleum and natural gas and the 
depression of the early 1930*s. After the 
depression, there was gradual recovery 
until World War II again called for such 
heavy output of coal that the peak output 
of 1920 was surpassed. While the output 
induced by the demands of war may not 
soon be reached in peacetime, the trend ap- 
pears to be stabilized at a high level. In- 
creasing production setmis likely to be re- 
sumed before another ten years shall have 
passed, this notwithstanding the sharp in- 
crease in efficiency of coal-burning indus- 
trial plants whereby in some instances a ton 
of coal is made to deliver two or three times 
as much power as it did in 1920. 

Tihe important constituents of coal. 
Tlie principal constituents of coal, those 
upon which its heat value depends, are 
fixed carbon, hydroc*arbons, moisture, and 
ash. Coals with high percentages of fixed 
carton and the hydrocarbons have rela- 
tively great heat value, while those with 
high moisture and ash content have low 
value (see Ulus. A and B, p. 350). 

Carbon is one of the principal products 
of the partial oxidation of woody matter. 
Since coal is of plant origin, carbon natu- 
rally is one of its major constituents. It is 
this element that imparts the black color 
and burn$..witliJittle flame, high heat, and 
practically no smoke. Coals rich in carbon 
are usually low in the impurities which re- 
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(A ) Contents ot dillerenl kinds ot coal (Alter M. R. Campbell, Professumal Paper 100, United 
Slates Geological Survey, Washington, D. C. ) 

1. Lignite 4. Bitumiiioiis, medium rank 7. Semidiitummoiis, high rank 

2. Subd)ituniiii()us 5. Bituminous, high rank 8. Scini-anthraeite 

3. Bituinnious, low rank 6. Semi-bituminous, low rank 9. Anthracite 



(B.) Heating value of different kinds of coal. How does the heat value of anthracite compare 
as to percentage with high-rank bituminous? How does high-rank bituminous compare with sub- 
bituminous? After M. R. Campbell. Sources as for previous illustration, same kinas of coal. 
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duce heat value, and the percentage of fixed Steamship operators, for example, desire 
carbon therefore is accepted in the trade as bunker c»als with low ash content because 
indicative of the quality of the coal. of the business necessity to use all cargo 

The hydrocarbons consist of hydrogen space and tonnage to the best advantage, 
and carbon, chemically united in varying Ash is not economic cargo, 
proportions. These compounds, having 

Irom 1.3 to 4 times as much heat value as Leading uses of coal. Tlie uses of the 
fi.\ed carbon, increase the efficiency of coal coal mined in any given district are deter- 
as a fuel. Coals rich in hydrocarbons but mined by a few principal factors: heating 
low in moisture and ash are easily fired and value, cleanliness, storage quahty, coking 
arc the most desirable for steam-generating qr^ iR'ee-buming properties, and ability to 
puqjoses. Moisture in coal is, on the compete with other coals or other fuels. In 
whole, an undesirable constituent. It has the United States the use of_coal for power 
no heat value, and, by absorbing heat when purposes, including tra nsport ation, raiiks 
coal burns, it reduces the efficiency of the highest and accounts for about 36 per cent 



Consniii})ti()ii of bituminous coal by consumer classes, 1947. Note ihiit railways arc the greatest 
consumers of bituminous but are not far in advance of the electric power utilities as users of coal. How 
will the increase in the u.se of Die.sel engines affect the demand for coal by railways? What labor 
problem may be involved in this trend? 

fuel in somewhat greater ratio than is indi- of the total output. All coals used for this 
cated by its percentage. Evaporation of purpose are known in the trade as steam 
c*ontained moisture not only causes loss of coals (see Ulus, above). About 19 per 
weight in shipment or storage but if the cent of the production is used in the maim- 
moisture content exceeds 10 per cent it may facture of coke and by-products, 
cause chipping and crumbling whereby 

much of the coal is reduced to small par- Kinds of coals. Classification of coal 
tides, known to the trade as slack, thus into a systematic series is credited to JParker 
seriously impairing the market value. and Campbell, who for a number of years 

The ash content q£ coal is incombustible were in 'diarge of coal investigations for the 
and tKerefore of no heat value. One per United States Geological Survey. This 
cent of ash is equivalent to 20 pounds per classification has been widely accepted in 
ton, and of course that represents waste the United States as scientifically sound and 
in storage, handling, and transportation, has proved practical for industrial purposes. 
Some coals have as high as 12 to 15 per cent Parker and Campbell began their series 
ash, and in such cases the ash content be- with peat and ended it with graphitic coal, 
comes an important economic handicap, although admittedly neither the first nor the 
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last were coal in the sense that most people 
use the term. The successive members of 
the series from lignite to anthracite were 
ranked upon the basis of c*oiitent of fixed 
carbon and hydrocarbons, and of coherence. 

Pea'I’. Pi^at occurs in bogs, especially in 
areas of cool temperate climates where slow 
accumulation of partly altered vegetative 
fibers has given rise to deposits of varying 
extent and thickness. Its vegetative origin 
is clearly evident in the structure of the 
mass. The largest known deposits occur 
within the glaciated areas of the Northern 
IIi*misphere, notably in Ireland, Scandi- 
navia, Finland, the Soviet Union, north-cen- 
tral United States, and Canada. Peat is a 
bulky fuel which necessitates much storage 
space and involves high charges for ship- 
ment. When dried well it burns readily,,, 
gives a hot flame, and is comparatively low* 
in ash content. Various attempts have 
been made to convert peat into smaller bulk 
through briquetting, but since this process 
adds materially to the cost, it is difficult for 
peat briquettes to compete with those made 
of fine coal. 

Licntte^ Tnie lignite is brown or has a 
distinct brownish cast. The higher grades 
vary from dark brown to almost black. It 
is characterized by high moisture content, 
ranging from 20 to 35 per cent of the weight 
when freshly mined. The fixed carbon 
content ranges from 30 to 55 per cent, the 
lower percentage being more common than 
the higher. The structure is fibrous and, 
in some cases, woody. Among the princi- 
pakJiandicaps to the use of lignite is its 
tendency to cnimble to fine coal in ship- 
ment and in storage*. While this fine coal 
has about as much heat value as the fresh 
lump, it burns less readily and therefore* 
must often be marketed at a sacrifice. 

In the United States there are extensive 
lignite deposits in North Dakota, northwest 
South Dakota, and eastern Montana. Lig- 
nite is also known to be present in large 
areas of the Gulf Coastal Plains from Texas 
to Alabama. However, little exploitation 
of lignite from any of these regions has yet 
occurred (see Ulus. p. 356). 

In Europe extensive beds of lignite are 


found ill the north Gennaii lowlands, where 
they are mined on a large scale for the gen- 
eration of electric power and various indus- 
trial purposes. One of the most important 
uses for lignite, olTe wo13ced out by tire Ger- 
mans, is that of converting it into synthetic 
petrolc*um and petroleum products. Fac- 
tories for converting coal and lignite into 
liquid and gaseous fuels apparently had 
reached a high degree of efficiency in Ger- 
many before World War II, because it is 
known that the Air Force of that country 
during the war depended to a considerable 
degree upon the liquid fuels thus obtained. 
The by-products of the manufacturing 
process have been found to be numerous 
and lurnisli es.sential materials for the 
chemical industries. It is evident that the 
ultimate possibilities of these processes 
have not bet'u reached and that much prog- 
ress along these lines may be exjicctcd in 
the future it natural petroleum becomes 
more expensive and p(*rluips inaccessible in 
sonw* an'as. 

Siin-wriTTMiNOUS C(>al. Sub-bituminous 
c*oal is oftcMi called black /ignite in trade cir- 
cles. Its color varies from dull to' lustrous 
black, the stnicture is compact, and the 
fixed carbon ranges from 35 to 60 per c*ent. 
Most sub-bituminous coals are Iree-burning 
and^clinker-tree, and they have high(*r heat 
vajue than does lignite. The relatively 
hjgh moisture* content of this mal, often in 
excess of 12 per cent, constitutes a serious 
trade handicap, because evaporation cause's 
crumbling and a resultant lower market 
value than for coals that can be han- 
dled with less deterioration. Upon being 
burned in locomotives or other furnaces 
with strong drafts, sub-bituminous coal of- 
ten causes eruptions of sparks which be- 
come a fire menace to the vicinity. Never- 
theless, coals of this class serve many 
important local market areas in the western 
plains where higher grade coals are remote 
and therefore expensive. 

The best-known sub-bituminous coal re- 
gion in the United States is found in the 
Great Plains in the so-called Sheridan Dis- 
trict of northern Wyoming and the adjacent 
part of Montana (see Ulus. p. 356). Coals 
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of this kind occur also in the Denver Basin 
and in a number of basins withinThtrEocky 
Mountain Region. Because of the losses in 
weight and marketability which occur it 
the coal is kept long in storage, mining is 
largely seasonal. During autumn and win- 
ter, heavy demands lead to great activity; 
spring and summer are slack seasons when 
operations arc almost at a standstill, except 
in the mines which serve railroads and local 
industrial plants. 

It is unlikely that the near future will 
show any marked increase in the use of sub- 
bituminous coal in this country. In the 
more distant future, when petroleum will 
not be so plentiful as it is now, the utiliza- 
tion of this coal seems destined to increase 
because its hydrocarbon content makes it 
suitable for the manufacture of artificial gas 
and liquid fuels. The enormous quantities 
of sub-bituminous coal known to exist in 
the Great Plains and the Rocky Mountains, 
the comparatively low cost of mining in 
many places if all-ye^ar operation can be 
maintained, and fh(' low cost of transport- 
ing liquid fuels arc factors which some 
day may lead to extensive ('xploitation for 
liquefaction purposes. Another possibility 
which .should not be disc’ounted is that the 
coal may be c'onverted to gas at the mine 
and thus be made axailable for transporta- 
tion by pipeline from mines to industrial 
con.siuners. The.se changes are in prospect, 
experimental plants are in operation, but 
their day of realization on a commercial 
basis at present seems distant. 

Bituminous coal. Bituminous coals are 
usually black, varying from dead black to 
highly lustrous. The moisture content is 
relatively low and in general the fixed car- 
bon content ranges from 60 to 80 per cent 
and the volatile matter from 15 to 40 per 
C’ent. Wlien some types are heated in 
closed retorts, the volatile matter goes off as 
gases and vapors, and the tarry materials 
may be drained off as liquids. These are 
captured for subsequent refinings and chem- 
ical processes by which over ^,000 prod- 
ucts are made, varying from semiraw ma- 
terials to finished products such as drugs, 
dyes, and perfumes. 


Since bituminous coals break down more 
slowly upon exposure* than do lower-grade 
coals, they may be kept in storage mudi 
longer. Bituminous coal con.stitutes about 
one-half of the estimated total world sup- 
ply. In the United States the principal pro- 
ducing districts are in the Appalachian Pla- 
teau, extending from western Pennsylvania 
and ea.stern Ohio to Alabama, and in the 
interior plains of Michigan, Indiana, and 
Illinois and southwestward to Missouri, 
Kansas, and Oklahoma. Because' of the 
rapidlv expanding industrialism in the West, 
large and increa.sing tonnages of coal are 
being mined in Wyoming, Colorado, New 
Mexico, and Utah (see Ulus. p. 356). 
Coals of this type furnish by far the larger 
part of the fuels used by the factories and 
railroads of the United States. 

A special kind of bituminous coal charac- 
terized by its denseness and its dull black 
color is known as canncl coai It bums with 
a long yellow flame and is especially well 
adapted for gasmaking and for quick kin- 
dling purposes in furnace operation. In 
late years it has become so expensive be- 
can.se of high costs of mining that its uses 
are chiefly as a fireplace fuel and for some 
kitchen ranges. The best-known cannel 
districts are io Kentucky and Tennessee. 

Bituminous coals are broadly classified as 
coking or noncoking. Coking coals are 
those which can be fused when burned with 
an amount of air insufficient for complete 
combustion or when heated in retorts. 
More than 95 per cent of the coke is now 
made in byproduct retorts, also known as 
“slot type ovens,” whereas in 1918 only 
about 50 per cent was so made. Earlier in 
the present century most of the coke was 
made in bee-hive ovens, which led to waste 
of gases now deemed highly valuable. The 
retort method of making coke permits the 
saving of all the by-products, the most im- 
portant of which are gases and chemicals. 
Coke, is essential in the smelting of iron ore 
because by its ctimbustion it not only serves 
to provide the needed heat but also acts as 
a. reducing agent for the oxide ores. By 
taking oxygen from the ore and adding car- 
bon it leaves the molten metallic iron to 
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settle to the base of the furnace as pig iron. 
A large percentage of the industrial coke is 
now made in by-product retorts located in 
connection with the inm and steel plants 
and where coal of coking quality is obtain- 
able without long haulage. Pennsylvania 
is by far the leading state in coke manufac- 
ture; it is followed by Ohio, Indiana, New 
York, and Alabama. Extensive beds of 
coking coal occur in western Pennsylvania, 
Ohio, Kentucky, and West Virginia; these 
have contributed greatly to the development 
of the large industrial areas around Pitts- 
burgh, Youngstown, and Cleveland. 

S£:^fjLBiIUMlNou& Although the 

term semibitwninous seems to imply that 
this grade of coal has half the rank of bi- 
tuminous, it actually applies to a coal that 
is of higher and not lower rank. The color 
IS rich black, usually of high luster. Tlie 
fixed carbon content is high, 73 to 80 per 
cent; as a result, the coal burns with little 
smoke, and hence most semibituminoiis 
coals are known to the trade as ,$inQkcde&s 
coal More technically it is referred to as 
low volatility coal. Because the moisture 
content is low and the heat value high, this 
coal is highly suitable for the generation of 
steam and for use in plants where high tem- 
perature operations prevail. It is used ex- 
tensively in by product retorts blended with 
high volatile coal to balance the oven opera- 
tion. Its low percentage of ash and its 
nearly smokeless combustion cause it to be 
in great demand for biinkex coal, especially 
for use in Scotch marine type of boilers. 

The principal handicap of semibitumi- 
nous coal is its fruduHtyj which causes it to 
crumble in minnig and in transportation. 
Through the perfection of mechan ical s tok- 
ers ^nd grates adapted to fine coal, this 
handicap has been overcome and for some 
purposes fineness is now an asset rather than 
a liability. 

Semibituminoiis c'oals are foimd mostly 
in areas where the rocks have been moder- 
ately folded, bgcause. there the coal has 
subjected to greater pressure than 
where the layers are nearly flat-lying. In 
the United States this condition prevails in 
the eastern parts of the Appalachian Pla- 


teau of Pennsylvania, Maryland, and West 
Virginia. 

Semianthracite coal. Semianthracite 
coal differs from semibituminoiis in having 
a highcLxatio of .fixed carbon, 83 ta93 per 
cent, and a lower percentage of volatile 
matter. It differs from true anthracite in 
being more friable, which causes greater 
likelihood of its breaking down into fine 
coal as a result of handling. 

The best-known mining districts are near 
Bernice, Pennsylvania, and along the flanks 
of the Ouachita Mountains in Arkansas and 
Oklahoma. Semianthracite coal is a clean- 
burning fuel and the heat value is as high 
as that of anthracite. Because it is almost 
smokeless, is free from soot, and burns 
slowly and persistently, it is desirable for 
fuel in domestic heating. It is therefore a 
popular furnace fuel throughout the large 
plains area tributary to the Ozark high- 
lands, its main markets being the cities 
north and northwest of St. Louis. 

Anihracite. Anthracite is a hard and 
dense coal which is relatively free of iron 
c*ompounds and moisture. Tlie amount of 
fixed carbon is about the same as in semi- 
anthracite, ranging from 80 to as high as 95 
per cent. It is jet black, lustr6us, and of 
excellent coherence. The texture is fine, 
giving to the broken surtac*e a smoothness 
which is almost a polish. It differs from 
semianthracite particularly in its hardness, 
a quality much desired because it permits 
preparation of sizes adapted to particular 
needs. Since there is virtually no loss in 
storage and no danger of spontaneous com- 
bustion, it is well adapted for summer pur- 
chase by consumers. This is an important 
factor in facilitating steady, monthly output 
of anthracite in contrast with the sharp fluc- 
tuations of some bituminous mines. 

Anthracite burns, .withji s hort blue flame 
and gives practically no smoke. The fire 
is remarkably persistent and can be regu- 
lated to give much or little heat as condi- 
tions may require. All of these properties 
make anthracite the most popular of the 
coal series for heating homes and business 
blocks. 

The structural conditions under which 
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(A.) Diagram to illustrate the flexed structure characteristic of the anthracite fields, a condition that 
causes mining difficulties and necessarily greater expenses of production per ton of coal. 



anthracite is found differ sharply from those 
that are prevalent in many bituminous areas 
(see Ulus, above). In anthracite regions 
the beds are usually folded rather sharply 
and broken in places, a condition quite dif- 
ferent from the flat-lying or gently inclined 
continuous beds characteristic of American 
bituminous regions. The folding is the 
result of tremendous lateral pressures which 
also are responsible for the metamorphosis, 
the change in structure, that is characteristic 
of anthracite. While this change has pro- 


duced a fuel of high quality and desirabil- 
ity, the folding has caused difficult mining 
conditions. The steep slopes in the mines 
and, in some places, the disturbed arrange- 
ment of the strata, together with the prev- 
alence of thinner beds, all add up to lower 
output per man and necessarily higher cost 
of production per ton. For example, in 
the United States in 1948 the average coal 
production per man-day was 6.7 tons in 
the bituminous industry and only 2.80 tons 
in the anthracite industry. These are the 



Courtesy Anthracite Institute^ Wilkes-Barre, Pennsylvania. 

(B.) One of the modem breakers in the anthracite region of northeast Pennsylvania. In such plants 
anthracite is sized, washed, and separated from impurities to meet consumer needs. 
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factors that account for the high prices of 
anthracite in comparison with bituminous 
coals. 

For steam purposes, anthracite is gener- 
ally unable to compete with bituminous, 
but for space heating, its economic disad- 
vantage is overcome by its persistent, clean- 
burning, and easily regulated heat. Fur- 
thermore, anthracite has the advantage of 


under di\’(‘rs(* c’onditions, we may expect 
anthracite to continue to be in great de- 
mand. 

In the United States there is only one 
prominent anthracite district, the so-called 
Scranton and Wilkes-Barre area of north- 
east Pennsylvania. It is a most fortunate 
circumstance that these large stores of high- 
grade anthracite are located so near to the 



Topographic map of part of the bituminous c-oal field wWie Appalachian Plateau, Cumbria County, 
Pennsylvania. Outcrops of the principal coal bed shown by heavy black line. Mines indicated by 
crosses. For cross section of structure along line A-B-C see next page. 


burning with practically no smoke, a qual- 
ity to which must be attributed the compar- 
atively clean atmosphere over the cities 
along our eastern seaboard. This advan- 
tage, however, is being overcome by the 
rapid introduction of smoke-consuming 
heat equipment for bituminous coal which 
is now being widely installed. Neverthe- 
less, notwithstanding its comparative high 
price, and because of the simplicity of use 
and the satisfactory service that it renders 


most heavily populated section of the 
United States. The importance of the great 
markets close at hand may be readily ap- 
preciated when we are informed that in 
1947 the average haul of prepared anthracite 
was only 164 miles compared to 305 miles 
for all sizes of bituminous coal. In the 
light of the total haulage involved, which 
was 8,051,200,996 ton-miles in that year, the 
availability of anthracite from this area for 
use in the densely populated northeastern 
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states for heating homes, office buildings, 
and factories is and has long been of tre- 
mendous economic importance. 

The distribution of coal in the United 
States, The coal fields of the United States 
are usually grouped under six major prov- 
inces: Eastern, Interior, Gulf Coast, North- 
ern Great Plains, Rocky Mountain, and 
Pacific Coast. The names of these prov- 
inces are terms applied as a matter of 
convenience fo| the groupings of a num- 
ber of fields within the respective general 
areas (see Ulus. p. 356). 

The Eastern Province. In output this 
province has always held commanding lead- 
ership. It leads the nation in production of 
both anthracite and bituminous coal, and 


lachian Plateau into northern Alabama. 
The coal has high heat value and keeps well 
in storage. In addition, much of it is of un- 
excelled coking quality. The mining dis- 
6*icts of this region furnish the industrial 
fuel for railroads and factories throughout 
eastern United States, and the coal has 
great importance also in gasmaking, in the 
generation of electric power, and in domes- 
tic heating. 

On the whole, the structural conditions 
within the Appalachian bituminous field are 
favorable for low-cost mining. The beds, 
often referred to as seam^, are flat-lying or 
gently inclined and continuous over rela- 
tively llrg(‘ areas, without great change in 
thickness or quality. The coal seams are 
interbedded with limestones and hard 



Generalized profile along lines A-B-C of previq^is illustration to show the gentle slope of the* coal beds in 
the area. Contrast with structure shown for anthracite in Illustration on page 355. 


it contains four of the five states which lead 
in coal output: Pennsylvania, West Vir- 
ginia, Kentucky, and Ohio. 

While anthracite accounts for only^^ut 
one-eighth of the total annual outpulffRhe 
United States, its use for heating purposes 
in the densely populated northeastern sec- 
tions of the country gives the anthracite re- 
gion a much more important place in our 
economic scheme than its share in the total 
coal production might indicate. 

The Eastern Province owes its economic 
supremacy, however, to the extent of the 
Appalachian bituminous field and the high 
quality of the accessible coal deposits there. 
From an industrial point of view, this field 
has been aptly termed the greatest in the 
world. It extends from northwestern Penn- 
sylvania southward throughout the Appa- 


shales, which provide good floors and 
comparatively safe roofs for underground 
mining operations. Major and many minor 
streams of the area have cut narrow valleys 
to such depth that one or more of the coal 
beds have been exposed along the valley 
sides. This facilitates the development of 
mining by means of drifts and tunnels 
above the level of ground water and pro- 
vides comparatively simple problems of 
drainage of the mines and transportation 
of the coals out of the mines into the rail- 
ways built along the valleys (see Ulus. p. 
357 and above ) , These conditions, coupled 
with large available market demands, favor 
the huge investments which are necessary 
for safe and efficient production. As a re- 
siilt, the mines in operation in the Appa- 
lachian field are now largely mechanized. 
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which makes possible an increased output 
per man per hour, with increased safety and 
higher income per capita. The significance 
of these mining conditions and the mecha- 
nization now operative is clearly demon- 
strated by the fact that in 1947 the average 
coal production per man-day in all bitumi- 
nous mines of the United States was 6.42 
tons, whe^reas in Canada, in the same year, 


In this method the overburden of rock, clay, 
and shale, is removed by huge tractor-pro- 
pelled machines called “overburden shov- 
els,” whereupon the coal is then mined by 
open-cut methods, thus making unnecessary 
the expensive tunnels, shafts, and timber- 
ing that must be used for underground min- 
ing. The strip-mining method is carried on 
in many states, and the Appalachian field 



Courtesy U. S. Bureau of Mines. 

Undercutting a coal bed as an early step in coal mining. Water is sprayed to prevent accumulation of 

explosive dust. 


only 2.80 tons were produced per man-day, 
and in Great Britain only 1.20 tons. In 
many of the European fields the natural 
conditions are such that the output per man 
per day, even with all the mechanization 
that can be used advantageously, cannot 
equal that of the American fields (see Ulus, 
above and on next page). 

A remarkable development within the 
coal-mining industry during the past dec- 
ade has been the growth of strip mining. 


is one of the foremost in this new develop- 
ment. The combined output of Pennsyl- 
vania and West Virginia by strip mining 
in 1947 was 51,556,000 tons, compared with 
an annual average of only 1,436,000 tons 
during the 1935-1939 period. There will 
of course be a limit to the extent to which 
strip mining may be carried on, because 
only such beds as are located at relatively 
shallow depths can profitably be mined by 
this method. 
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The bituminous coals of the Eastern Prov- 
ince have for decades served highly impor- 
tant purposes throughout the section of the 
United States that has developed to the 
greatest extent industrially. The Ameri- 
can smelting industry, particularly iron and 
steel, has been dependent to a large extent 
upon the high-grade coke obtainable from 
this region. Furthermore it has been pos- 
sible for the railways, as well as the manu- 
facturing industries, to be supplied with 


some years with gas and petroleum from 
the Lower Mississippi Valley and Kansas 
and Texas the economy of this movement, 
from a long-time point of view, is question- 
able. The reserves of coal are so great that 
we may safely consider them to be available 
for centuries to come, whereas the reserves 
of natural gas and petroleum cannot now be 
stated in terms beyond that of some dec- 
ades to come. Industrial United States 
must face the question of the ultimate wis- 



('(mrtcMi I! S Bureau of Mines 

Loading bituminous coal by machine in operation at face of workings. Loader at right foreground 
transfers coal to mine car at left. What effect docs power driven machinery have on coal output per 
man per day? 


steam coals at minimum rates. Although 
this coal field has in recent years felt com- 
petition to a somewhat retarding degree 
from the petroleum and natural gas re- 
serves that have been and are now being 
made available from distant sources, it 
seems that the demands for coal must con- 
tinue to increase because of the increasing 
pressure upon industry made by a nation 
still expanding rapidly in population. Fur- 
thermore, although the reserves may be 
sufficient to supply eastern United States for 


dom of transporting fuels in liquid and 
gaseous form to eastern consumers from the 
limited stores of the Middle West while 
high-grade solid fuels in much greater abun- 
dance are close at hand. It is merely a 
repetition of the old question as to whether 
it is wise to live for a day or plan for the 
future. 

The Interior Province. The Interior 
Province includes four areas referred to as 
fields. They have been mapped as ( 1 ) the 
Northern Interior field of Michigan, (2) 
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Courtesy Bitummous Coal ltv,titutc, Wushinf^ton, D. C 

(A ) Bituiuiiious coal of (lilfiTciit sizes being 
loaded into railway cars from the sorting screens 
111 tli(‘ tipple Tins IS a common sight in eastern 
bituminous fields. 

the Eastern Interior field of Indiana, Illi- 
nois, and \Vest(‘rn Kentucky, (3) the West- 
ern Interior field, embracing the coal- 
producing areas of Iowa, Missouri, Kansas, 


Oklahoma, and Arkansas, and (4) the 
Southwestern Interior field of Texas. The 
first three have attained high commercial 
importance, but the last-named has been ex- 
ploited but slightly to date (see Ulus. p. 
356). 

The coals of the Northern and Eastern 
Interior fields owe their economic impor- 
tance chiefly to the demands of industry 
and transportation. However, in addition 
to these demands, the comparative density 
of population and the severity of the weather 
during the winter months give rise to a 
large market for coal for heating homes, 
office buildings, and industrial plants. The 
coal of Michigan is an important asset for 
Detroit and for other industrial centers in 
the southern part of the state. The Indiana, 
Illinois, and western Kentucky coals find 
markets in the great industrial cities within 
and adjacent to those states. The coal 
throughout this area lies in beds of simple 
stratification and within easy reach by strip- 
mining methods or comparatively shallow 
underground mining. Illinois, which is 
particularly fortunate in the extensiveness 
of its coal resources, in the low cost of inin- 


Courtesy Bituminous Institute, Washington, D. C 


(B.) Strip mining, bituminous coal in southeastern Kansas. View reveals size of equipment used, shovel, 
dragline, loader, and 40-ton trucks in operation. 
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ing operations, in the high quality of coal, 
and in the availability of large markets — 
particularly those of the Chicago and St. 
Louis industrial areas — ^has become one of 
the three states leading in coal output. 

A factor of great importance to the coal 
industry of the interior states east of the 
Mississippi is the Great Lakes waterway 
which provides a cheap transportation route 
to the markets of northern United States 
and adjacent parts of Canada, where the 
winters are long and severe and local cml 
supplies are wanting (sec Ulus. p. 423). 
Because of the heavy southward movement 
of iron ore, competition for northbound 
cargo is so keen that the coals of the Appa- 
lachian field — Pennsylvania, West Virginia, 
Kentucky, and eastern Ohio — compete with 
the coals of the interior fields for the north- 
ern markets. 

The coal of the Western Interior field is 
characterized by high heat value and by a 
range in quality from anthracite to bitumi- 
nous. On the flanks of the Ouachita Moun- 
tains of Arkansas and Oklahoma, folding 
has caused metamorphism of the coal into 
the high fixed carbon group. Since it is 
friable rather than coherent and hard, most 
of it is classified as semianthracite, although 
its fixed carbon content is nearly as high as 
that of the well-known Pennsylvania an- 
thracite. Elsewhere in the Western Inte- 
rior field only the bituminous coals are 
found. However, they have exceptionally 
high heat value, .some of them ranking with 
the hottest coals we have in the United 
States, and their low cost at the mines 
makes them a highly prized steam coal for 
industrial and railway uses (see Ulus. p. 
356 ) . In southeast Kansas, particularly, ex- 
tensive strip mining is in operation with re- 
sultant low cost of production, a factor 
which extends the trade territory of the coal 
for steam purposes (see Ulus. B, p. 361). 

Notwithstanding the high heating value 
of the bituminous coal of this area, its ex- 
ploitation is somewhat handicapped by 
competition with petroleum and natural gas. 
These fuel resources are found in great 
abundance within the same general area as 
is the coal. Their exploitation has proved 


so successful and the reserves so great that 
there has been but little tendency to con- 
serve them for later demands rather than 
to meet the coal on a competitive basis. 
Exploitation is limited also by the compara- 
tive sparseness of population and of indus- 
trial plants within the adjacent trade terri- 
tory. 

The Southwest Interior field is in central 
Texas. The coal is bituminous, is not of 
very high grade, and has but little eco- 
nomic value at present because of competi- 
tion with petroleum and natural gas. 

The Guli-’ Coast Pkovince. The Gulf 
Coast Province extends from Texas to Ala- 
bama (see Ulus. p. 356). Only lignite has 
been found there. The poor quality, diffi- 
cult mining conditions, and competition 
with superior fuels have prevented any ex- 
tensive exploitation to date. Inasmuch as 
there is no prospect of improvement in the 
near future, this area must be marked oft 
as having no immediate significant value, 
but it serves as a reserve for the time that 
may come when it can be successfully ex- 
ploited for the manufacture of gas or liquid 
fuels. 

The Western I^ovince. The Northern 
Great Plains and the Rocky Mountain dis- 
tricts contain enormous reserves of unmined 
coal, varying from lignite to high-quality 
bituminous, with a few places where coal of 
anthracite quality has been found. Ex- 
ploitation has been chiefly for railway use. 
tor smelters, and for domestic heating. 
Local mines have long been highly impor- 
tant to the communities which they serve and 
to the railroads which traverse the regions. 
The mining and smelting industries of the 
Rocky Mountain districts have been enabled 
to operate at relatively low cost because of 
the coal available from near-by sources. 
The total amount of coal produced has been 
small in comparison with the production of 
the eastern fields, because of the sparseness 
of the population in the vast territory in- 
cluded within these provinces and the dis- 
tances to outside markets. The large iron 
and steel plants recently constructed and 
some others reputed to be planned presage 
increased demand for coal. Commercial 
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exploitation is not likely to increase rapidly, 
however, so long as cheap petroleum and 
natural gas are available to the industrial 
centers. Nevertheless, the great reserves 
of coal known to exist within the Great 
Plains and the basins of the Rocky Moun- 
tain region afford us assurance that the 
c'ountry need have no fear of a fuel famine 
for centuries to come. 

The Pacific Coast Province. The Pa- 
cific Coast Province includes the coal fields 
of Washington and Oregon, with a few 
small areas in California. The fields are 
small. There is but little coking coal, so far 
as is known, and mining conditions are diflB- 
cult. Exploitation must meet the competi- 
tion of coal from Alaska and crude oil from 
California, which are available at low ship- 
ping rates. Domestic demands are light 
because of the mild winters characteristic of 
the Pacific Northwest. The railroads have 
greatly expanded their electrification pro- 
grams, made possible by the development 
of the water-power resources of this part 
of the country, and have thereby reducc'd 
their demands lor wal. On the other hand, 
the Pacific Coast states have witnessed dur- 
ing the past decade a tremendous develop- 
ment of heavy industry, with resultant in- 
creasing demands for power. Despite the 
marvelous development of hydroelectricity 
made available by the great projects along 
the Columbia, Sacramento, and Colorado 
rivers, the heavy exploitation of petroleum 
in the California fields, and, lately, the in- 
troduction of gas from the interior fields of 
Texas and Oklahoma, a shortage of power is 
imminent. Coal appears to be the logical 
source for the increasing quantities of 
power needed to satisfy the industrial de- 
mands. For that reason there has come 
into the picture in the northwest the pros- 
pect of t^ontinued development of the coal 
resources of the Pacific Province and per- 
haps even the likelihood of use of the Alas- 
kan coal resources which can be obtained 
by means of water transport. 

The geographical significance of the 
distribution of coal in the United Stages. 
The United States is unique for its large 


coal reserves in the interior, which are 
readily available for exploitation. Among 
the various economic effects of the distribu- 
tion of the coal fields, three outstanding 
ones deserve emphasis. First, the coal 
fields of eastern United States are more 
than two hundred miles from tidewater 
ports. Railway transportation across rug- 
ged mountainous country from mine to sea- 
port adds materially to the cost of the coal 
at the seaboard. This factor is a handicap 
to the development of a large export trade 
because of the c'ompetition of European 
coals mined near tidewater or navigable 
streams where the land transportation costs 
are slight. Second, the wide distribution of 
coal in the interior has furnished the power 
necessary for a wideflung and intricate net- 
work of railroads and for industrial and agri- 
cultural development there such as no other 
a)ntinent has ever experienced. The trans- 
continental railroad systems are provided 
with natural refueling stations because of 
available coal at relatively convenient inter- 
vals throughout their routes. Third, had 
there been coal along the c'oasts but not in 
the interior, the costs of hauling agricultural 
products to eastern industrial centers or to 
seaboard markets would have been much 
higher, in some cases prohibitive, and agri- 
cultural prosperity within the interior of 
the continent could not have been achieved. 
Without agricultural prosperity, industrial 
growth in the interior would have been im- 
possible. Without the great markets of the 
Middle West and the Rockies, the industrial 
progress of the East would have been seri- 
ously curtailed. While, of course, other 
factors are involved also, the coal fields of 
the interior from Pennsylvania to Colorado 
and Utah deserve much of the credit for 
the energy and industrial progress of the 
United States. 

Coal production in the United States. 
The annual production of all coal in the 
United States since 1940 has averaged over 
600 million tons (see Ulus. B, p. 348). Penn- 
^Ivania anthracite accounts for about 10 
per cent of the total production. In the 
output of bituminous coal, West Virginia 
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continues to hold commanding lead, with 
Pennsylvania second. Illinois and Ken- 
tucky usually rank third and fourth, al- 
though cither may outrank the other in any 
given year, and Ohio has consistently held 
fifth place. The importance of coal to the 
development of centers of heavy industry 
such as Pittsburgh, Cleveland, Detroit, and 
Chicago is evident (see Ulus. p. 427). 


are located mostly in the western plains 
country, in the basins of the western moun- 
tains, and far to the east in the maritime 
provinces, particularly Nova Scotia. 

The Caribbean lands buy some American 
coal, but their needs are not great. In the 
larg('r South American markets competitive 
conditions exist and the American exporters 
find it difficult to meet prices quoted by the 



Annual production of bituminous coal in tlic five leading stales, 5-ycar pi riod a^'eragl^s from 1926 to 
1940, since then yearly. Note the persistent leadership of West Virginia and the increasing prominence 
of Kentucky since 1940. 


United States foreign trade in coal. 
Exports of American coal during the period 
preceding World War II constituted but a 
small fraction of the total output, usually 
between 2 and 6 per cent. Canada was 
then and continues now to be the foremost 
export market, taking nearly all of the an- 
thracite exports and from 85 to 90 per cent 
of the bituminous exports. The importa- 
tion of coal from the United States is fa- 
vored by the geographical proximity of the 
American coal fields to the most densely 
populated part of Canada and by the re- 
moteness of the Canadian reserves, which 


Europeans — ^particularly the British. Be- 
cause of the intimate trade relationships 
that exist between Brazil and the United 
States, that country is ordinarily a better 
market for American coal than is Argentina. 
The United States is the greatest customer 
for Brazil’s foremost export, coffee. Argen- 
tina, on the other hand, exports grain and 
meats for which England is a market of 
exceptional importance. Outward-bound 
British ships naturally carry coal as part of 
their cargo, because Argentina’s other im- 
ports are commodities of high value in pro- 
portion to weight, such as electrical goods. 
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machinery, chemicals, and textiles, which 
demand less cargo space than is the case for 
the bulky exports of grain, wool, and hides 
from that country. 

During the prewar period American ex- 
ports to European markets were small be- 
cause European coals are min(‘d near the 
seaboard or where water routes are avail- 
able from the interior. As coal is bulky in 
proportion to value, low-c'ost water trans- 
portation from mine to market is a decided 
advantage for trade. 

The (*xport trade in American coal was 
greatly expanded during the war period and 


port trade of anthracite followed the same 
general pattern, exports increasing from 
3.8 per cent of production during the pre- 
war period to 6.4 per cent during the war 
period. In 1946 our exports of anthracite 
reached the astounding proportion of 
nearly 11 per cent of the total production of 
60,507,000 tons. 

The causes for the great increase in ex- 
ports were th(‘ complete disorganization of 
coal mining in im])ortant centers in western 
Europe due* to the war and the retarded rate 
of mining, even in Great Britain. In 1947 
and 1948 large quantities of American coal 



the years immediately following, particu- 
larly with European countries. For ex- 
ample, during the prewar period, 1935-1939, 
our average exports of bituminous coal were 
only slightly more than 11 million tons, or 
2.8 per C'ent of the total output. During 
the five-year war period, 1940-1944, our 
average exports of bituminous coal were 
more than double those of the prewar 
period. During the postwar period the in- 
crease continued so that in 1947 the tonnage 
had increased sixfold over the prewar period 
and made up 11 per cent of the expanded 
production of 620 million tons of bitumi- 
nous coal in that year. The change in ex- 


were exported to France and Italy and to 
each of the c*ountries of northern Europe as 
well as to South American countries which 
ordinarily anj well supplied from British 
and German sourc'es. Europe took more 
than 53 per cent of our total exports in 1947, 
compared with less than one-half per cent 
during the 1935-1939 period. That this rep- 
resents but a temporary condition must be 
recognized, because with the restoration of 
c'oal production in Germany and the a)un- 
tries of western Europe, it will be to their 
interests that the European demand be sup- 
plied from European sources. 

On a permanent basis, therefore, it is not 
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to be expected that the export trade in 
American coal will increase very much 
above the prewar level. Some increase 
may be expected because of expanding mar- 
kets due to increasing industrialization in 
the Western Hemisphere. In this connec- 
tion, however, the increasing use of petro- 
leum fuels for bunkering purposes and 
strong competition from foreign sources of 
coal are factors which point rather conclu- 
sively to limitations on the demands for 
American coal for export and for marine 
purposes. 

Some problems of the American coal 
industry. The coal-mining industry of the 
United States is capable of much greater 
production and may be expected to meet 
successfully any enlarged demand for coal 
that may come within the foreseeable fu- 
ture. In the past the coal industry has had 
to contend with strong seasonal fluctuations 
in demand. To meet peak demands, over- 
expansion of labor supply was induced with 
resultant unemployment during the slack 
periods. Seasonal fluctuations in demand 
have been oNercome in considerable meas- 
ure through a widely dispersed system of 
storage of coal for domestic and industrial 
uses. It can hardly be expected that sea- 
sonal demands can be equalized, but they 
have changed from a curve of sharp peaks 
and drops to one of gentle undulations. In- 
creased efficiency is being facilitated also 
by the extensive use of mechanized methods 
whereby the rate of production is speeded 
up and the efficiency of labor greatly in- 
creased. The changes that have occurred 
since the prewar period are pointing 
the way. During the 1935-1939 period, 
the average number of days worked in the 
American bituminous mines was only 182, 
whereas, in the period following, no year 
has shown less than 200, and in 1944 the 
mines were in operation 278 working days. 
The number of workers employed has 
shown rather steady decrease since 1935, 
and this in the face of increasing tonnage of 
coal produced. This increase in tonnage 
has been made possible by increased mech- 
anization with attendant greater output per 


man per day and, incidentally, also higher 
wages per man. 

The American coal industry, in common 
with all other great enterprises, faces many 
problems, and the hopeful aspect is that the 
industry itself is cognizant of them. Huge 
sums of money are being spent by the coal 
industry in both the anthracite and bitumi- 
nous fields for the promotion of research so 
that waste may be eliminated, by-products 
be fully used, and the eflBciency of methods 
of production and of use be greatly im- 
proved. The value of this type of work 
cannot be expressed in dollars and cents at 
any given time, because research must al- 
ways be primarily a search for truth, not 
dollars. However, the net effects are 
shown in the improved conditions that are 
characteristic all along the line from the 
depths of the mine to the realms of fine 
consumer goods, including textiles, drugs, 
and perfumes. 

Coal production in Eurasia. There are 
four major areas of coal production in 
Europe: (1) Great Britain, (2) the North- 
west Continental area, which include's north- 
west Germany and extends thrpugh the 
Netherlands and Belgium into northeast 
France, (3) the Silesian District of south- 
western Poland, Germany, and Czechoslo- 
vakia, and (4) the Donetz Basin of southern 
Russia (see Illus. p. 368). Secondary cen- 
ters are in the Saar district near Lorraine, 
the Moscow field, and in the smaller produc- 
ing fields of southern France, Czechoslo- 
vakia, Hungary, and Spain. The United 
Kingdom and Germany have long been the 
two leading coal-producing countries of 
Europe. Although Germany mined the 
greater tonnage, over 50 per cent of her 
production consisted of brown, low-grade 
lignite of much lower heat value than bitu- 
minous coal. On the basis of importance 
to industry, therefore, the production of the 
United Kingdom equaled and sometimes 
exceeded that of Germany during the 
period prior to World War II. 

The United Kingdom. The coal fields of 
Great Britain are in four principal areas 
(see Illus. p. 367). In the north the Scot- 
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tish Lowlands west of Edinburgh furnish struineiital in bringing about the successful 
fuel and power Tor the industrial center industrialization for which the United King- 
of Scotland. To the south, in England, on dom has long been famous. However, min- 
the east side of Pennine range, arc the well- ing conditions are becoming more difiBcult 
known producing areas of Newcastle and and costs therefore are becoming higher, 
Yorkshire, while on the west are the highly tlius giving rise to industrial problems which 
productive and industrialized areas that ex- are not easy of solution. 



Principal coal mining regions of northwestern Europe. Note particularly extensive coal basins from 
the Ruhr of Germany to the Sambre-Meuse of Belgiiun and France. The coal fields of England are 
largely on the flanks of the Pennine Range. 


tend from Manchester to the Midlands, the Coal is the basis of British industry and 
region around Birmingham. In southern is the most important bulky export in British 
Wales is the well-known Cardiff field, which foreign trade. Since Britain has little watery 
has the reputation of being the greatest power and almost no petroleum or natural 
field in the world for coal exports. England gas, she must rely upon coal as her chief * 
is favored in the high quality of her coal and fuel resource. Tlie keen competition of 
in the wide distribution of her producing other fuels which coal is meeting in all parts 
fields. These factors have been largely in- of the world is especially felt in Britain 
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Coal map of the world Shows principal mining regmnc in all the continents. See legend below 
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because of the large number of workmen 
who suflFer by curtailment of coal produc- 
tion. This competition was foreseen by 
British industrialists several decades ago 
and was responsible to a considerable de- 
gree for the energetic expansion of British 
capital and British industry into other areas 
of the world where reserves of petroleum 
were known to exist. 

Franche and Belgium. In northern 
France and extending across Belgium into 
southern Netherlands and the Aachen re- 
gion of Germany are extensive deposits of 
coal that vary in rank from high-grade bi- 
tuminous to anthracite. These deposits 
provide the greater part of the supply of 
coal produced in these three countries and 
are of prime importance industrially. The 
beds are thicks faulted, and some steeply 
inclined. Although the quality of the coal 
is good — ^much of it of coking quality — the 
mines are deep and the structural conditions 
render mining costs high. The worlds 
deepest coal mine is said to be in operation 
in the Namur district of Belgium at a depth 
of over four thousand feet. Within France, 
smaller fields are located in the southern 
part of the country on the flanks of the 
Central Plateau. Their industrial signifi- 
cance, however, is relatively small. 

Germany. Germany normally has 
ranked second to the United States in 
quantity of output. The country is known 
to have huge reserves of coal varying in 
rank from low-grade lignite to high-grade 
bituminous. Prior to World War II, the 
most important districts were the bitumi- 
nous coal fields of the Ruhr and Aachen, the 
Saar in northwest Germany, and the Sile- 
sian fields in the southwest. The lignite, 
or brown coals, are found extensively in 
Prussia, Saxony, Hess, and Bavaria, with 
more than 50 per cent of the output ordi- 
narily being produced in Saxony. 

The Ruhr is a continuation of the coal 
measures farther west; the strata are gently 
folded and but slightly faulted ( see Ulus. p. 
367). The individual beds are of moderate 
thickness, but at least 32 coal seams have 
been exploited within the Ruhr district to 
an aggregate thickness exceeding 190 feet 


of coal. The coal is of high volatility, is low 
in ash, and is of excellent coking quality^ 
The Ruhr district therefore has long been 
the foremost center of Germany s heavy in- 
dustry. ( See also map, p. 368. ) 

The Silesian field, now in southern 
Poland, ranks second only to the Ruhr. 
The coal there is known as a good steam 
coal of high coking quality. The gently 
inclined beds at shallow depths provide 
conditions favorable for low-cost mining 
operations, and these factors together with 
increasing market demands have given rise 
to a rich industrial area in that section. 

The brown coal deposits — ijgnite. 
The brown coal beds of central and north- 
western Germany are extensive and of great 
thickness, more than 300 feet having been 
reported in some places. Eighty to 85 per 
cent of the production is carried on through 
open-pit milling at an exceptionally low cost 
per ton. The importance of the brown 
coal resources to the industrial life of 
Germany can hardly be overemphasized. 
The lignite, ordinarily known as a low- 
grade fuel, is made into briquets for house- 
hold use, and it provides the raw material 
for the manufacture of synthetif gasoline 
and the basis for much of the development 
of the German electrical and chemical in- 
dustries. 

The coal resources of Germany have given 
rise to some of the most intric*ate of post- 
war problems. The disposition of the Ruhr 
coal field, together with the policies to be 
pursued with respect to the future of the 
German heavy industries and their chemical 
industries, have served to arouse such differ- 
ences of opinion among the nations victori- 
ous in World War II that settlement has 
been delayed to a degree which many have 
considered contrary to the best interests of 
the nations themselves and of Germany. 
In time these problems will undoubtedly 
be solved and some fairly equitable out- 
come may be expected. It seems clear, 
however, that stagnation resulting from dis- 
agreement cannot be conducive to the 
economic welfare of any peoples, whether 
victors or vanquished, and that the general 
welfare of all of Europe and likewise of 
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much of the world can best be facilitated 
through industrial production operated for 
the output of goods of all kinds needed for 
peacetime use. 

The Soviet Union. The reserves within 
the tremendous area of the Soviet Union 
are known to be large (see Ulus. p. 368). 
So far as is known, however, it appears that 
at least 80 per cent of the Russian reserves 
are in Sibt'ria, where the quality ranges 
from lignite to anthracite. In general, 
these outlying deposits have been but 
slightly exploited to date. The Donetz 
Basin, north of the Sea of Azov, is the most 
fully exploited of Russia's coal regions. 
There mining encounters folded and faulted 
beds; while operations are expensive the 
coal is of high heat value and much of it is 
of excellent coking quality. During the 
past decade the Donetz Basin has not been 
able to furnish all the coal needed, but it has 
provided the coking and steam coal used 
in reducing the iron ore from the near-by 
Krivoi Bog area, a factor that made ex- 
ploitation profitable, thus promoting indus- 
trial development in this part of Russia. 

Coal deposits in the Moscow area are 
rather ext(‘nsi\'e but the coal is not of high 
quality and has been but slightly exploited. 
The centers east of the Urals, particularly in 
the Kuznetzk area, ha\x’ been developed 
rect'iitly into large-scale operations. Rus- 
sia's handicap is that the known supplies 
of coking coal are not large and are quite 
remote from the known iron ore deposits, 
although both are scattered through the 
vast distances of Siberia. 

China. Huge deposits have been re- 
ported to exist in China, and early estimates 
placed the reserves there on a par with 
those of the United States. However, later 
data have been much lower than those pub- 
lished earlier (see Ulus. p. 368). The de- 
posits arc widely scattered, but the better 
qualities occurring under relatively favor- 
able mining conditions have been exploited 
in Manchuria and in northern China, with 
the result that this section of the country 
ordinarily produces two-thirds of the entire 
output. Although the coals of South China 
are generally of lower quality, local areas 


have high-grade coal which, in most in- 
stances, occurs in rather steeply folded 
stnictures which give rise to difficult min- 
ing operations. Nevertheless, the retarded 
development of coal mining in China may 
be attributed chiefly to the unsettled mili- 
tary and political conditions of the past, 
because it is known that the coal beds are 
extensive and the potentialities of exploita- 
tion great. 

Japan. Many small coal fields occur in 
Japan, particularly in Hon.shu and Hok- 
kaido, where quality varies from low-grade 
bituminous to high-grade coking coal. 
The reserves are estimated to be not more 
than 1 per cent as great as those of China. 
Despite the energetic enterprise of the 
Japanese and up-to-date mining methods, 
die coal fields have been found inadequate 
to serve the industrial needs of the country, 
and hence imports have been necessary in 
the past and unquestionably will be neces- 
sary in the future if the industrial life of 
Japan is to prosper. 

India. In northern and central India 
(see World Map, page 368) the reserves 
are estimated to be at least four or five bil- 
lion tons of easily accessible, high-quality 
coal, a third or more of it being of coking 
quality. While smaller fields are found in 
other parts of the country, the Bihar and 
Orissa fields are the most important and 
the most promising of amtinued exploita- 
tion in the near future. The iron ore and 
coal are within easy reach of each other, a 
condition which seems to warrant the expec- 
tation of rapidly increasing industrialism in 
northern India. 

Coal production in other continents. 
The production of coal by the principal 
countries of the world, as shown by the 
graph, page 372, shows clearly that the 
Northern Hemisphere holds almost a mo- 
nopoly in this line. South America has 
some known reserves which are widely scat- 
tered and little exploited. Inasmuch as coal 
can be imported at relatively low cost and 
the petroleum industry is expanding, the 
near future does not seem favorable to im- 
portant development of the South American 



372 


COAL—A PRIME FACTOR IN MODERN INDUSTRY 


coal industry, even if further exploitation 
should reveal extensive deposits in various 
sections of the continent. At present, Chile 
and Brazil are the only countries with sub- 
stantial output, although coal is known to 
(wist ill a nurnbtT of other areas. 

There has been considerable develop- 
ment in South Africa, but the demands have 
not been sufficient to give rise to any great 
industrial progress, and hence only deposits 
found nearest local needs have been ex- 
ploited in any considerable degree. Tlie 
same may be said of Australia, because 
there development is handicapped by lack 


of both labor and markets. Largely be- 
c^aiise of the youthfulness of the country, 
industrialism has not reached a stage of de- 
velopment common in some of the older 
nations. As demand increases, the c’oal- 
mining industry of Australia as well as of 
South Africa may be expected to keep pace, 
but there seems little prospect of any rapid 
progress in the near future. 
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Chapter Twenty-two 


THE PETROLEUM INDUSTRY— 
A MODERN INDUSTRIAL GIANT 


Although its rise to a position of 
industrial necessity has been recent and of 
meteoric speed, petroleum has long been 
recognized as a mineral oil of use to man. 
Tar from petroleum seepages is reputed 
to have been used in constructing the tower 
of Babylon, to have been used in burial 
procedures by the ancient Egyptians, and 
to have been responsible, in a measure at 
least, for the successes of the Phoenicians 
in sailing their light craft in widespread 
operations in the Eastern Mediterranean. 
The use of petroleum as an ointment was 
recognized by the people of ancient Meso- 
potamia long before the beginning of the 
Christian era. In the New World it was 
used by the Indians of Pennsylvania and 
Nev/ York for medicinal purposes. Its use 
in industry, however, awaited the dis- 
covery of large quantities of petroleum 
obtainable only by drilling through con- 
siderable thicknesses of hard rock. To 
Colonel E. L. Drake must be given the dis- 
tinction of being the first to inaugurate the 
needed procedure. 

Early discoveries of petroleum. During 
many centuries oil seepages had been 
known to exist in various parts of the world, 
and their possibilities for heating and light- 
ing had been suggested by a few persons 
long before the nineteenth century. Marco 


Polo in the thirte(*nth century was reported 
to have noticed oil seeps at the southern 
base of the Caucasus. Y ule, in his “Travels 
of Marco Polo,” refers to a fountain there 
from which “oil springs in great abundance. 
This oil is not good to use with food, but 'tis 
good to burn, and is also used to anoint 
camels that have' the mange.”* Several 
c‘t'nturies later, oil from seepages in some 
places was found adaptable lor use in 
lamps. This use led to a growing demand 
for oil because of the scarcity of animal or 
vegc'table fats suitable for use as illuini- 
nants. In order to obtain larger produc- 
tion, hand-dug wells were attempted. In 
most cases these met with indifferent suc- 
cess, but in Burma they early yielded satis- 
factory-results. Thus, Rangoon Oil became 
a significant article of commerce in London 
early in the nineteenth century. Hand-dug 
wells were by that time also numerous in 
Romania. Before there was an American 
petroleum industry, oil refining to obtain 
kerosene and lubricants had begun. 

Although there was early knowledge of 
the presence of oil in western Pennsylvania, 
its uses were not well understood and de- 
mand grew slowly. Before the middle of 
the nineteenth century, however, the use 
of oil for ointments, and to some degree for 
use in lamps, had expanded to such an ex- 
tent that the price for the small available 
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supplies had reached phenomenal heights. 
This condition attracted attention, and com- 
panies began to be formed for the exploita- 
tion of the “rock oil/' As it was an entirely 
new field, all the technicpies of exploitation 
and refining had to be learned. Drilling 
through hard rock was the first problem to 
be solved. 


of light oil per day.^ This was the first 
well to be drilled mechanically for the ex- 
press purpose of obtaining petroleum (see 
Illus. below). The exact location of the 
well was chosen on the basis of seepages 
found near by along the banks of Oil Creek. 
At first the petroleum produced by the dis- 
covery well was sold at over $20 per barrel, 



Photo Courtesy E Willard Afdlei, Pentisylvanta State College 


Drake Memorial Park, Titusville, Pennsylvania, 
base of the flag pole. Monument dedicated to E. 
Studio, Titusville, Pa. 

In 1859, near Titu.sville, Pennsylvania, 
Colonel E. L. Drake rigged up a crude 
drilling apparatus based upon the principle 
of crushing the bedrock into minute par- 
ticles by successively raising and dropping a 
heavy iron rod equipped at its lower end 
with a hard, sharp bit. By this trip-hammer 
method, he drilled his well to a depth of 
69 feet, obtaining a yield of about 25 barrels 


rbe Drake well is marked by a capped tube at the 
1. Drake is at left of the pole. Photo by Nelson's 

but soon other wells were drilled and so 
much was obtained that prices collapsed. 
These early incidents marked the first in- 
stance of “boom and bust” in the petroleum 
industry. Through a long and active career 
Drake lived to see the industry become an 

’ The “barrel” of petroleum is a commonly ac- 
cepted unit of measurement and has a content of 
42 gallons. 
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industrial giant, but he died a poor man — 
a fate not uncommon to the pioneer. 

Economic importance of petroleum. 
The art of drilling for petroleum through 
solid rock, thus inaugurated in western 
Pennsylvania by Drake, not only brought a 
flood of oil into reality but marked the be- 
ginning of a new industry with its numerous 
attendant problems. Inasmuch as wooden 
barrels, the only equipment then available, 
were inadequate, new means of transporta- 
tion had to be devised. Refining was 


ceeded at a continually accelerated pace in 
the United States and abroad. From the 
beginning of the industry from “scratch” in 
1859 it has grown to represent an invest- 
ment in the United States variously esti- 
mated at seven to twelve billion dollars. 
Yearly production increased from a few 
barrels in 1859 to 63,621,000 barrels 
in 1900 and then to 2,051,0(X),(HK) barrels in 
1948, with no indications as yet that the 
upward trend is slackening. From the 
viewpoint of value of output, petroleum has 
assumed rank as one of the three or four 



merely a simple distillation process, and 
only the fraction which became known as 
kerosene was deemed to be of marketable 
value. Even the kerosene lamp had to be 
devised so as to avoid danger of explosion. 
Internal combustion engines were still in 
the dream stage. Such was the beginning 
of the oil industry here and abroad. 

As may readily be observed from the 
graphic illustration, above, the produc- 
tion of petroleum increased steadily but not 
rapidly until after the close of the nine- 
teenth century. Since that time, however, 
petroleum production and the development 
of industries attendant thereupon have pro- 


most important commodities produced by 
the United States either in die realm of 
minerals or of agricultural crops ( see Ulus, 
p. 377).2 

Industrial significance. The expanding 
production of petroleum has of course been 
due to the varied uses to which its products 
are adapted — uses which have, in turn, re- 
sulted from the chemical discoveries which 
have been made and from the instruments, 

*In 1948, the total number of wells drilled in 
the search for oil and gas was 39,778. Of this 
number 22,585 were oil producers, 2,897 were gas 
wells, and 14,296 were dry holes, producing neither 
gas nor oil. 
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machinery, and general equipment which 
science and engineering have brought into 
action. Thus we have a legion of secondary 
industries that have developed in connec- 
tion with the production of petroleum. In 
the realm of transportation, industries 
which now have been organized into sepa- 
rate corporations include those of construct- 
ing and managing pipe lines, tank cars, and 
oc(*an tankers, while in the realm of manu- 
facture they include industries producing 
Diesel engines, automotive engines, jet 
planes, iceboxes, chemicals, and drugs. All 
these and many others have given rise to 
great industrial plants providing demands 
for labor ranging through the whole cate- 
gory from unskilled to highly scientific and, 
within the realm of management, from 


petroleum occur? To what processes must 
il be subjected to prepare it for the varied 
uses now demanded of it? 

Properties of petroleum. Petroleum 
means literally rock oily a term which was 
given because the seepages were found in 
rock and some people believed that the oil 
was something that was oozing out as it 
was being produced in some mysterious 
manner immediately within. Technically, 
however, petroleum has been defined as “an 
inflammable mixture of oily hydrocarbons 
that exudes from the earth or is pumped 
up.”’^ By hydrocarbons is meant a group 
of compounds consisting essentially of hy- 
drogen and carbon chemically combined in 
varying proportions. Petroleum is a mixture 



Values of five loading commodities produced on farms, by oil wells 
and in mines of tlic United States in 1946. Prior to that year the value 
ol coal had boon greater than that of petroleuiu. 


humble foremen to top executives. The 
petroleum industry now includes some of 
the greatest corporations in the world, but 
it is not limited to .such, for it also includes 
literally thousands of smaller corporations 
which may properly be termed small busi- 
nesses. This whole structure, howeve r, ha^ 
become so intimateW interwoycm into bur 
fabric of economic lift? t^'^Seyer afferts 
its wellare ,^vbr^^^.ill^3 has its 

repercussions upon the welLbei ng " of aTC ^ 
PeGoIeum has become an essential business 
factor in peac etime ahd^a mintaiy necessi^ 
in time ofj^ri 

With recognition of some of the factors 
that have been involved in the petroleum 
industry from the earliest period to the 
present, and with appreciation of the posi- 
tion now reached, we may well raise such 
questions as: Under what conditions does 


of liquid, gaseous, and solid hydrocarbons, 
of which the latter two are wholly or partly 
in solution in the first. This mixture may 
contain so many different kinds of hydro- 
carbons that the abilities of the chemist 
must be invoked in order to recognize or 
separate them. 

The large number of different mixtures 
gives rise to numerous kinds or grades of 
crude petroleum. Light oils have low per- 
centages of carbon and high percentages of 
hydrogen, whereas in the heavy oils the 
reverse holds true. Therefore, light oils, 
such as the gasolines and light naphthas, arc 
usually much richer in the lighter hydrocar- 
bons than are the heavier fuel oils. Since 
the lighter hydrocarbons are in greater de- 
mand, it may be said that in a general way 

“ W. II. Emmons, Geology of Petroleum, McGraw- 
Hill Book Company, New York, Chapter 1. 
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the value of jictrqleum increases as its den- 
sity decreases. 

Petroleum varies in color from light straw 
to almost black. Some kinds are greenish, 
others amber-colored, and some even rich 
wine red. In general, high-grade cnide is 
light-colored and greenish, whereas the 
heavier grades arc brown to black. With 
respect to the residue which results upon 
evaporation or refining, crude petroleum 
is classified into three groups: paraffine base, 
asphalt base, and mixed-base oils. The 
paraffine base oils are ordinarily lighter and 
more fluid than are those with asphalt base. 

The density is expressed in terms of spe- 
cific* gravity or in terms of its equivalent on 
the Baume scale. Specific gravity of crudes 
varies from 0.77 to 1.00, but ordinarily it 
ranges between 0.82 aiul 0.94. The direct 
specific gravity scale is open to the objec- 
tion that it deals with fractions and that the 
numbers are neither read nor remembered 
easily. Therefore, an arbitrary scale known 
as the Baume is employed and the densities 
are usually designated in terms of Baume 
rather than in terms of specific gravity. On 
the Baume scale specific gravity 1.00 is 
read as 10°. Oils are tested by means of 
hydrometers constructed for use in liquids 
lighter than water, and therefore the read- 
ings are given in integral numbers larger 
than 10. Oils nearly as heavy as water 
have readings only slightly larger than 10°, 
whereas those which are light have much 
higher readings. In common trade u.sages, 
crude oils which give a Baume test below 
20° are known as heavy, whereas those 
which test above 30° are light oils. 

Fundamental aspects of petroleum re- 
fining. Petroleum refining has been im- 
proved to such an extent in recent years 
that it can no longer be termed a process of 
mere distillation; it has developed into a 
chemical industry of the first magnitude. 
Formerly it was generally understood that 
“gasoline was gasoline,” but now we know 
that there are various grades of gasoline, 
each differing essentially from the others. 
Gasolines of specific qualities now are sup- 
plied for use in motors operating under dif- 


ferent mechanical and weather conditions. 
The improvements in the processes of refin- 
ing to obtain higher quality products have 
been made hand in hand with progress in 
making more complete use of cnides for- 
merly deemed undesirable. Heavy oils can 
now be converted into lighter oils, the basic 
principle of the process being to heat the 
oil under pressure in the presence of free 
hydrogen. Through chemical absorption, 
the ratio of the hydrogen to the carbon is 
increased and the petroleum converted into 
a lighter grade, the quantity of gasoline ob- 
tainable being increased thereby. This is 
the fundamental principle underlying the 
hydrogenation process. On the other hand, 
some crudes have gases associated with 
them known as wet gases that are too light 
for practical use, in which case the problem 
is one of decieasing the ratio of hydrogen to 
carbon in oider to manufacture a somewhat 
heavier product than is indicated by the 
light cnide and associated gases. This 
likewise has been accomplished through 
changed methods in chemical refining and 
is known as 'polymerization. 

Thus, through the processes of refining 
referred to as aacking and hydrogenation, 
heavy oils are converted into'lighttT oils, 
and through the opposite type of process, 
known as polymerization, the extremely 
light crude and associated gases may be 
converted into h(*avier products. In all 
c*a.ses the processes give rise to an increased 
percentage of output of gasoline, the prod- 
uct most in demand. Through these and 
other advances in refining, the percentage 
of gasoline extracted from the crude has 
been more than doubled during the past 
two or three decades. Had this not been 
accomplished, we would now be faced with 
gasoline shortages in the United States, not- 
withstanding the enormously increased pro- 
duction of crude. 

Although fuels, particularly kerosene and 
gasoline, were the first products sought by 
refining crude oil and they still hold the 
spotlight of popular appeal, they do not tell 
the whole story. Petroleum, through the 
developing techniques of refining, has be- 
come a basic raw material for a great vari- 
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ety of chemical products varying from 
asphalt to medicinal drugs. Among such 
products none is more vital to industry 
than the lubricants. In fact, some scientists 
have been concerned more about threat- 
ened shortage of lubricants than of motor 
fuels. Should petroleum reserves be de- 
pleted, the problem of obtaining liquid 
fuels from sources other than petroleum ap- 
pears more readily solvable than does the 
problem of obtaining high-grade lubricants. 
The refining industry has succeeded mar- 
velously in providing lubricants from pe- 
troleum whereby nearly all types of ma- 
chinery may have their individual rcquire- 


rocks has been clearly proved. It usually 
occurs in strata varying in structure from 
steeply folded and faulted to almost flat- 
lying. Anticlines are perhaps the best- 
known folds favorable for petroleum accu- 
mulation (see Ulus, below). Where that 
type of structure is found in petroliferous 
areas, natural gas may occur in the apex 
of the anticline, petroleum in the upper 
flanks, and water at the lower levels. This 
sequence, however, does not necessarily 
follow, because in petroliferous areas it is 
often the case that no free gas is found in 
the apex, even when the petroleum exists 
under pressure, because the gas in a large 



Diagram to illustrate an oil bearing anticline. In this case note that shale is the cap rock and 
sandstone is the reservoir rock. Free gas has collected at the apex of the structure. Wells A, B, 
and (] ha\'e tapped the reserx^oir rock with different results. 


ments met. The recognized efficiency of 
modem machines in agriculture, industry, 
and transportation must be attributed in 
large measure to the high-quality lubri- 
cants now available. 

Afe>^^ of occurrence. Most of the pe- 
troleum of the world occurs in sedimentary 
rocks, especially sandstones, conglomerates, 
shales, and limestones. Open-textured 
sandstones are perhaps the most commpn 
reservoirs, although in many cases notable 
production has been obtained from porous 
or cavernous limestones. Petroleum is but 
rarely found in igneous rocks, and in the 
few known cases the migration of the pe- 
troleum from sedimentaries into the igneous 


number of cases is dissolved within the 
liquid petroleum found in the interstices of 
the reservoir layer. 

The general sequence, however, of water, 
oil, gas, or gas dissolved in the oil is the 
commonly found condition. The necessary 
structural conditions are that there must be 
present ( 1 ) petroliferous beds from which 
the petr oleum has been derived 
dist illa tion in minute droplets, (2) a reser- 
voir rock fpr the accumulation of the oil 
and ga s particles, and (3) a cyj rock which 
prevents escape or dissipation of the petro- 
leum and gas. The reservoir rock sealed 
^ a.(^pj:^^ives rise to what is usually 
recognized as a peixal^unfL^trafL Such 
traps occur under various structural condi- 
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tions, some of which are graphically illus- of the waters aod used by the Indians 
trated by the three diagrams below. as an ointment and for medicinal purposes, 

a practice that was also taken up by white 
Distribution of petroleum production people, when they came into that section of 
in the United States: The Appalachian the country. In some places people who 
Province. The first great oil field to de- had tried to dig wells for water had pene- 


(A.) Diagrani illustrating pctiolcum acvuiiiula- 
tioii 111 a sandstone' “trap” causi'd by a fault in 
tilted strata. A jault is a structiirt* wherein strata 
have bet'll liroken and displaced. The arrows indi- 
cate the vertical displacenicuts in this case. 


TRAP FORMED BY A FAULT 


(B.) A petroleum trap .scaled by . flat-lying rock 
sedimentary deposited over an ancient, eroded sur- 
face of steeply pitching beds. Tlu' upper flat-lying 
layers are fine-grained shales at the base which 
prevent the oil and gas from escaping upward. 


(C.) Diagram to illustrate salt plug or dome 
structures with petroleum reservoirs in tilted strata 
sealed with the core. Structures of this kind are 
common in the Gull Coastal Plain but not all are 
petroliferous. 


vel(^) on a large scale was the one that cx- trated oil-soaked muds and sands, but the 
tends from southwestern New Y ork through knowledge of petroleum possibilities was 
Pennsy l van ia and ea ster n Oh io and south- then so slight that they considered them- 
ward into Tennessee (see Ulus. p. 382). selves unfortunate because the oil had 
Oil h ad long been known to exist in seep- mined their chances of obtaining good 
ages along some oT the creeks of north- drinking water. 

western Pennsylvania, and for many years With the success of Drake s discovery 
the.cmde had been skimmed from the sur- well in 1859 all this was changed and a msh 
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of drilling followed. Within a year several in 1891, when more than 33 million barrels 
hundred wells had been drilled; most of of oil were obtained. This was followed 
them were dry holes, but some were fairly by a slow and persistent decline, but a re- 
good producers. In June, 1861, the first vival of production through deeper drilling, 
flowing well was brought in with a daily improved methods of pumping, and the dis- 

output of over 300 barrels of oil. In Sep- covery of new pools in the southern part of 

tember of the same year the first “gusher,” the province raised the total again to a sec- 
flowing 2,500 barrels per day, was struck, ond peak in 1943, when more than 35 mil- 
Sueh results were wholly unexpected, and lion barrels were produced. The Appa- 
people were then willing to believe any- lachian Province is notable for its long life 

thing. The first oil boom was on, and the __imd its relatively steady production. How- 

buying interest in proposed wells became ever, some of the older portions now pro- 
a public craze. The boom, however, was duce, on the average, less than one-fourth 



“L)e\ elojMiienf ’ wells are those* drilled in or near proven producing areas. "Wildcat wells” an* ex- 
ploratory wells drilled in territory not proven. How did the pcrcentai^cs of dry holes in the wildcat 
groups compare with the percentages in the de\'elopnieiit groups? 


of short duration becaust* the market soon 
became flooded with oil, and the pria* 
dropped from above twenty dollars per 
barrel to almost zero. Thousands of bar- 
rels are reported to have been sold at five 
cents per barrel. Thus, within three years 
after the discovery well, the young petro- 
leum industry had experienced the thrill 
of boom conditions and the gloom of de- 
pression. Thereafter, however, the indus- 
try steadied and Pennsylvania oil for many 
y?§l^.l^niished__the Joremost supply of 
crude for an ever-growing American in- 
dustry. 

An early peak in production was reached 


barrel per well daily, and the average pro- 
duction of all wells in Pennsylvania now 
operating is less than 0.6 of a barrel per 
day. Thii recent trend has therefore been 
toward slight decline; one cannot say now 
how long that may remain a characteristic 
(see Ulus. p. 384). 

The oil of the Appalachian fields is high 
g;ade, ranging, from 40° to 45“ Baume in 
the eastern portions of the province to 
around 30° to 35° Baum6 in the western. 



ihjB_ lights constituents a^ as in high- 
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Map of the petroleum proMnces of the United States and the principal petroleum pipe lines 
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^rade_jubricatin^ These favorable 

properties cause the oil from this province 
to be ranked exceptionally high^ and the 
term “Pennsylvania-grade” has come to 
stand as representative of the world’s best 
oil. Because of its high quality and its 
neaniess to the great marketing centers, it 
is the highest priced crude in the United 
States. 

The Ohio-Nobtheast Indiana Province. 


It is^omewhat difficult to refine, because of 
ifs sulphur content, but improved methods 
of refining have now largely overcome this 
difficulty. Notwithstanding the favorable 
location of the province and the relatively 
high quality of the oil, the crude usually 
sells considerably below that of the Appa- 
lachian fields. 

The area has been quite thoroughly ex- 
ploited and, although commercial produc- 



Annual production of the Lima (Ohio) -Indiana, Illinois, and Michigan petroleum provinces since 
1885. In what year did each reach its apparent peak of production? 


The Ohio-Indiana Province extends in a 
general southwesterly direction from near 
the west end of Lake Erie into eastern In- 
diana ( see Ulus’ p. 382 ) . The province lies 
on the west flank of the Cincinnati anticline, 
the crest of which separates it from the 
Appalachian Province to the east. Pio- 
ductio n be^an in 1884^ reached its maxi- 
mum in Ohio in_ 1896, and in Indiana in 
1904. Smee then decline has ^en per- 
sistent, and no revival of production is 
likely. The„oil is of p araffin e base and is 
£ak^..light,.averagmg„.3fll.to .35^ Baume. 


tion is likely to continue for a number of 
years, it now seems that the limits of the 
producing acreage have become well de- 
fined. The declining trend indicates that 
complete exhaustion of the available oil 
is but a matter of a comparatively short 
time (see the graph above). 

The MiaiiGAN Province. Michigan was 
not listed separately in the statistical rec- 
ord until 1925, although some oil had been 
produced earlier. From 1925 to 1929 the 
ann ual o utput i ncre ased from .4,O0Q.bwxels 
to more, than 4^ million barrels» and 
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this increase, sharp as it was, was virtu- 
ally continuous until 1939, when the 
peak of Michigan production was reached 
at nearly 23 J million barrels (see Jllus. p. 
383). For several years the production 
held fairly steady, but more recently a de- 
cline has set in which may indicate a per- 
sistent trend. It is too early now to fore- 
cast definitely because active drilling is still 
ill progress and the trend may change with 
any year. Nevertheless, on the basis of the 


to less than 5 million barrels in 1935. This 
was followed by discovery of new fields to 
the west and south of the old fields in Illi- 
nois, which caused a spectacular increase in 
production to more than 152 million barrels 
in 1940. Since that date, however, the 
output dropped rather rapidly to about 80 
million barrels, a decline of nearly 50 per 
cent in 7 years. Active exploration through 
drilling is c’ontinuing, and should further 
pools or fields be discov'ered, the trend may 



Annual production of tlie Appalachian, Gulf Coast, Mid-Continent, and California petroleum provinces 
since 1880. Semi-logaritlimic scale. When did the pronounced upturn in production in the Mid-Con- 
tinent begin? What is the unique characteristic of tlie production cun^e of the Aj)palachian province? 


rea)rd to date, it does not appear that 
Michigan is likely to reach the large pro- 
du^ion that has characterised most of _the 
major fi elds of the United States. 

The Illtnois-Soutowest Indiana Prov- 
ince. The petroleum-producing area of 
Illinois is mostly in the so uthern part of 
the state, th e field exten ding in to the ad|a- 
cent portions .of_ indiana_ jind Ken^<^^ 
Production began in i905 and expanded 
rapidly to 33 million barrels in 1910, after 
which there was a slow and steady decline 


be reversed. Present evidence, however, 
does not justify confidence in recovery that 
will reach the peak of 1940. 

The petroleum of Illinois is mostly of 
p arafiine base , tests abqyc_ 30° Baume, is 
sulphur free, and is easily refined. How- 
ever, since the content of natural gasoline 
is relatively low (only about 15 to 20 per 
cent), the crude has a market value below 
what might be expected for oils of such 
high gravity. 

The Mid-Conunent Province. Included 
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within the MidTContinent Province are the 
petroleuni-producin^ fields which extend 
from near Kansas City southward across 
Kansas and Oklahoma into Texas and 
t henc e eastward across northern Louisiana 
and southern Arkansas (see Ulus. p. 382). 
Comprising the fringes of this vast area arc 
the fields of central Kansas, the panhandle 
areas of Oklahoma and Texas, and the more 
recently discovered areas of western Texas 
and southeastern New Mexico. Thus de- 
fined, the province is hy far the largest, 
most productive, and most important oil- 
producing area in the world. Large-scale 
commercial development began about 1906. 
Since then, production has mounted stead- 
ily, year by year, and apparently the maxi- 
mum output has not yet been reached ( see 
nins. p. 384). 

The Mid-Continent Province produces 
practically all grades of oil: some have 
p araffin e base, some asphalt base, and still 
other^s..mixed base. Some are almost as 
Jie^vy as water, while others arc as light 
and high grade as those of Pennsylvania. 
The complexity of structural conditions, 
different sources of origin, and vast extent 
of the province are responsible for the pro- 
nounced diversity in the occurrence and in 
the quality of the oils (see Ulus, p, 379, 
380, and 388). The petroleums from the 
shallow wells south of Kansas City, for 
example, are heavy, of asphaltic base, low 
in gasoline content, and of little lubricating 
value. On the other hand, those from the 
deeper sands at Augusta, Kansas, or Cush- 
ing, Oklahoma, arc light, 35® to 40° Baume, 
and contain a high percentage of natural 
gasoline and light lubricants. Such ex- 
tremes of quality Jesuit in a wide range of 
prices for Mid-Continent petroleum. 

The Mid-Continent Province is noted for 
tl^wide diversity of capital interests repre- 
sented. Since it was the meeting ground of 
east and west and north and south, it was 
natural that capital from all of these sources 
should become interested in large-scale de- 
velopment there and, as a result, more dif- 
ferent companies are exploiting oil in this 
province than in any other area in the 
world. These companies range all the way 
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from those of world renown to those owned 
by a few people in some county or town. 
Contrary to popular opinion, no monopolis- 
tic condition prevails. Production, trans- 
portation, refining, and marketing are all on 
competitive bases, and the only semblance 
of any general agreement by these varied 
concerns is the movement toward limiting 
production to legitimate market demands. 
Even such agreements are subject to re- 
view by state conservation authorities and 
by the national government on the basis of 
agreements voluntarily entered into by the 
parties concerned. Continued overproduc- 
tion in the United States during a period of 
years led many to favor voluntary control of 
output as a conservation measure, whereas 
in earlier years any arbitrary curtailment 
of production would have raised loud and 
long protests in many sections. Recent de- 
velopments have convinced people that pro- 
duction in proportion to a reasonable de- 
mand makes possible the highest prosperity 
for all and that long-sustained production 
at a rate greater than the market can absorb 
is unsound economic practice and wasteful 
of a great natural resource. 

While the potential production of the 
Mid-Continent Provinc*e is enormous, the 
reserves are not inexhaustible. That the 
province will continue for some time to be 
tlie major producing area of the United 
States seems certain, but the actual amount 
in reserve necessarily decreases as exploi- 
tation increases. Oil production is a min- 
ing activity, and oil taken out is not 
replaced. In time, even the great Mid- 
Continent Province must face declining 
outpuL - 

The Gulf Coast Province. The Gulf 
Coast Province includes tlic producing 
areas of the Coastal Plains of Texas, Lou- 
isiana^ and eastward to Florida. In recent 
years considerable production has been at- 
tained in southern Mississippi, and a few 
successful wells have been drilled in the 
coastal plain of Alabama and Florida. Pro- 
duction in this province began in 1900 and 
rose rapidly to its first prominent peak in 
1905, since which time declines and revivals 
have followed in almost rhythmical se- 
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qiience. The provin ce _ now . ranks second 
jn the United States, and there is good rea- 
son to believe that important output will 
continue for a long time (see Ulus. p. 382). 

The oil occurs in association with rock 
uplifts or domes, The early discoveries 
were made by drilling on low domes which 
appeared as hills rising a few feet above the 
surrounding flat plain. In recent years 
production has been maintained through 
the discovery of buried domes not shown 
by the surface topography. Improved 
methods of geophysical prospecting have 
proved to be quite successful in locating 
such structures, and therefore scientific 
subsurface study has been pushed vigor- 
ously during the past decade and the pro- 
gram is still vigorously under way. Various 
theories have been proposed to account for 
the presence of the well-known domes on 
the coastal plain; some domes are believed 
to have resulted from salt accumulations, 
while others may have resulted from igne- 
ous activities whereby crystalline masses 
were pushed upward into the overlying 
sedimentaries (see Ulus. C, p. 380). 

Recent exploratory work in the shallow 
waters offshore has indicated that similar 
domes exist beneath the off-shore waters of 
tEe coastal areas, and some exploratory 
wells have proved to be successful, thus 
leading to the belief in many quarters that 
a_vast reservoir of oil extends into the strata 
beyond the shoreline under the waters of 
the Gulf. The problem of the ownership 
of such under-sea deposits and of the right 
to make contracts with oil companies for 
exploration and possible production has 
aroused much attention. Inasmuch as state 
sovereignty and federal sovereignty are in- 
volved, the question will probably have to 
be solved by action of the United States 
Congress and interpreted by the Supreme 
Court. However, companies have made 
contracts through state authorities, wells 
have been drilled under such contracts, and 
some production has been realized. In 
1949, the problem of tidelands oil awaited 
attention and was unquestionably one of 
the major unsolved problems confronting 
the American oil industry. The Gulf Coast 


is not alone in facing the problem inasmuch 
as similar conditions have been found to 
exist off the Pacific Coast of California. 

Most of the crude oil produced in the 
Gulf Coast Province _is heavy, of asphaltic 
base, and not so valuable for refining pur- 
poses as are the lighter oils farther north. 
Some of the oil contains little natural gaso- 
line and runs high in both carbon residue 
and sulphur content. Other kinds contain 
excellent bases for the manufacture of 
hea\y cold-test lubricants; in such cases 
their value depends more upon the lubri- 
cating stock than upon the gasoline c'ontent. 
In recent years the impro\'ed methods of 
cracking heavy oils through distillation 
under high pressure have been important 
in giving value to such oils as sources ot 
gasoline. On the whole, however, one of 
the chief uses for Gulf Coast petroleum is 
for marine fuels, and it is widely used as 
bunker oil for steam.ships. 

The Rocky Mountain Pro\tnce. The 
Rocky Mountain Province is a convenient 
geographical designation for a tremendous 
area which extends from the Canadian 
border to New Mexico (see Ulus. p. 382). 
It includes many types of structures and 
topographies, and various kirfds and quali- 
ties of petroleum ha\ e been discovered in 
the numerous pools and fields that have 
been explored. The most important pro- 
ducing states are .Wyoming and Montana, 
but in recent years some important dis- 
coveries have increased interest in the oil 
possibilities in, Colorado. In Utah, like- 
wise, active prospecting is in progress with 
some success already reported. 

In general, the oils of the Rocky Moun- 
tain Province we of the light density group, 
although several pools yield oils of heavy 
asphalt base. In view of the extensive 
area included in this province, its possibili- 
ties are great; however, drilling campaigns 
have discovered few bonanza fields so 
eagerly desired by promoters. During the 
decade of the 1930’s the Rocky Mountain 
Province was characterized by declining 
production, and some students began to 
fear that the optimistic hopes of the earlier 
investigators were doomed to disappoint- 
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inent. However, during tht* 1940’s expan- 
sion of exploratory work met with a high 
degree of success, with the result that the 
total production of the province doubled 
during the period 1940-1947. Inasmuch as 
exploratory work of the various possible 
stnictures may still be said to be in an early 
stage, the future outlook is one of c'onsider- 
able promise. As pric*es of crude become 
substantially higher, there is no doubt that 
search will be intensified, and there is a 
strong possibility that, in response to careful 
study and exploratory testing, new produc- 
ing arc'as will be found. This, however, is 
a problem that must await much further 
exploratory work before the final verdict 
can be given. 

The California Province. The Cali- 
fornia Province ranks third in annual output 
of petroleum in the United States. It con- 
sists of two major divisions, the older one, 
from the viewpoint of initial development, 
being in the soutliern part of the San Joa- 
quin \^alley, and the younger in the Los 
Angeles area (see Ulus. p. 382). Because 
of seepages found in various places and 
the presence of asphalt in rock exposures, 
the existence of oil in both areas was known 
for mally years prior to exploitation. It is 
claimed that asphalt, the “brea” of the 
Spanish settlers, was mined in Ventura 
early in the nineteenth century and that 
oil refined by simple distillation was pre- 
pared from seepages near Santa Barbara as 
(*arly as 1857. Wells were drilled for oil 
in 1884, and the first successful wells in the 
San Joaquin Valley were completed at Mc- 
Kittrick in 1887. Inasmuch as local de- 
mands were sxjndl and eastejn markets were. 
remotCa development was slow until about 
1900. Then, large-scale production began 
in the upper portion of the San Joaquin Val- 
ley, and from 1903 to 1915 California held 
the lead among the states in petroleum out- 
put. Since 1915 first place has been held 
at difFerent times by Oklahoma, Texas, and 
California, but in recent years Texas has 
assumed a definite and probably a perma- 
nent lead. 

The oil pools of California are character- 
ized by. high gas pressure, which results in 


hea>’y flush output of wells unless efficient 
methods of control are put to use. The 
(juality of the oil varies from light to heavy 
in different pools; some is of exceptionally 
high quality, but, for the province as a 
whole, mixed, and a.gihaltic oils predomi- 
In spite of low prices for such oils, 
the great flush production long ago made 
wells highly profitable and led to veritable 
orgies of drilling. Enormous production 
was obtained from several pools in the Los 
Angeles Basin, which in proportion to its 
area must be classified as one ol the most 
productive districts in the world. Compe- 
tition for the oil caused too close drilling 
and resulted in production so rapid that 
markets for a time were unable to absorb 
the output. 

Oil interests finally became convinced 
that unrestricted drilling was uneconomical, 
not only because it entailed waste of capital 
expended on unnecessary wells, but also 
because the rapid reduction of gas pressure 
lessened the amount of oil which could 
ultimately be obtained. In recognition of 
this, California enacted a state conservation 
law to prevent the waste of natural gas and 
thereby not only conserved the gas for 
domestic and industrial use but, through 
maintained gas pressure, increased the 
amount of petroleum which could ulti- 
mately be recovered from the producing 
sands. Such forward-looking legislation is 
highly commendable because it reflects the 
sane view that wanton waste in utilizing 
natural resourc'es is economically unsound 
and therefore the immediate profits of a few 
must give way for the greater ultimate 
advantage of the many. 

High production of petroleum in Cali- 
fornia seems probable for a number of 
years, notwithstanding the tendency to- 
ward decline recently shown (see Ulus. p. 
384). The reserves are great, and it seems 
highly probable that additional producing 
areas will be discovered. If exploitation is 
kept within bounds, and wells are not al- 
lowed to mil wild, the outlook is good for 
steady production for the years ahead. On 
the other hand, wherever wells are found 
that are capable of such large flows as are 
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those in parts of California, there is great 
danger of too rapid initial production, in- 
efficient exploitation, and consequent rapid 
depletion. 

Origin and recovery of petroleum. The 
oily and gaseous hydrocarbons known as 
petroleum are .helieLveil. to be of organic 
origin apd to have resulted froin the de- 
composition of ancient cJants and animals. 



Diagrammatic illustration of how pressure of 
free, compressed gas in upper part of an anticline 
causes oil to issue as a flow well or a gusher from 
the underground reservoir. 

They are known to exist in the pore spaces 
in rocks where structures have given rise to 
traps in which the minute droplets have 
accumulated and from which escape was 
prevented by impervious cap-rock strata. 
The types of structural traps are varied; 
some of the ones most commonly found are 
shown on pages 379 and 380. Since there 
are no “rivers of oil,” the explanation of how 
wells become petroleum producers, ranging 
from slow-yielding pumpers to spectacular 


gushers, must be based upon recovery from 
the interstices of the reservoir rock. 

The two most generally recognized 
sources of pressure are those of water and 
of gas. Oil, being lighter than water, is 
under pressure in some cases from water 
under artesian conditions; in such instances 
a well drilled into the oil-field rock will give 
rise to flowage of oil, whereas in structure 
farther down only water flowage would be 
encountered (see Ulus. p. 379). The sec- 
ond and probably the more commonly 
found condition is that of gas pressure. If 
a well is drill(‘d near the crest of a stnic- 
ture wherein free gas exists under pressure 
by either oil or water, naturally a “gasser” 
results. However, in many cases oil flow- 
age will result apparently independent of 
either water or free gas pressure. Petro- 
leum usually contains dissolved gases which 
remain in solution only under some pres- 
sure. In such instance's a well serves to 
les.sen pressure by providing an outlet and 
thus may function to release the dissolved 
gas at a rapid rate. When this condition 
is encountered, the petroleum, which may 
exist several thousand feet below the sur- 
face, emerges as a flowing wc^l or even as 
a gusher. However, even where violent 
outflow is not encountered, pressure due to 
the release of gases out of solution will tend 
to move globules of oil toward the well, 
which by its existence provides the cen- 
ter of release of pressure. Wells drilled 
through the cap formation and the reser- 
voir rock form a sump, that is, a small reser- 
voir, out of which the oil may be pumped. 
It seems clear that flowage will continue as 
long as the oil contains dissolved gas, which 
by its release and resultant expansion serves 
as a force to induce movement of the oil 
through the small pore spaces of the reser- 
voir rock (see Ulus. p. 389). 

The foregoing paragraph is designed to 
help readers to understand the reasons for 
the importance of maintaining strong gas 
pressure in oil wells as long as possible. 
Controlled pressure does imply that the 
early flush production will be held to a rate 
lower than could be obtained if the wells 
were allowed to run at full capacity, but 
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the results will be longer life, steadier flow- 
age, and materially inereased ultimate re- 
covery. With reckless management, more 
diaii 50 per cent of the petroleum in the 
underground strata may never be recov- 
ered, whereas with scientific management, 
whereby maximum gas pressure is main- 
tained, ultimate rc'covery of more than 80 
per cent of the petroleum in the reservoir 
rock may be expected. 



@ SANDSTONE @ WATER 
@ OIL O 


Need for conservation of petroleum. 
Conservation of any natural resource im- 
plies its wise use, which of course carries 
also the thought that waste must be avoided. 
In so far as the petroleum industry is con- 
cerned, such waste may be the result of 
recklessness, selfishness, or ignorance. In 
any event, there is a definite loss to society, 
and the public good suffers. That petro- 
leum is an irreplaceable natural resource 

An Illustration of the Function of Con- 
tained Gas Inducing Flow of Petroleum. 

Upper diagram shows oil and water in the 
interstices of sandstone, the reservoir rock. 
Liquid petroleum contains much dissolved gas 
which remains liquid under pressure. 


Middle diagram shows what happens when 
well penetrates the sandstone; reduced pressure 
permits release of contained gas and this moves 
toward point of pressure release, the well, and 
pushes oil with it. 


Lower diagram, after well has been produc- 
ing for a long period, gas pressure nearly gone. 
The well then becomes a slow producer. 
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should always be kept in mind. The petro- 
leum produced each year means that just so 
much less remains to be withdrawn. 
While it is statistically true that, in spite 
of heavy withdrawals during the war and 
postwar periods, the proved resources of 
petroleum had reached an all-time high 
early in 1949 (see Ulus, above), that does 
not imply that the actual reserves had in- 
creased; on the contraiy, the actual reserves 
of this country were higher when Drake 
stnick oil in 1859 than they have ever been 
since. Through exploratory drilling and 
improved techniques in production, knowl- 
edge concerning stores of petroleum avail- 
able underground has increased, and thus 
estimates have expanded faster than pro- 
duction. As a result, the quantity of 
proved reserves still available has increased, 
although the actual reserves are becoming 
less with each passing day. 

What, then, is the duty that confronts 
every intelligent citizen? It is, first of all, 
to recognize that petroleum prepared by 
Nature is a priceless resource, indispensable 
in the modern world in times of peace and 
war alike. Improved techniques of pro- 
duction will make higher ultimate recovery 
possible, but even so, every pool, field, or 
province will eventually suffer decline and 
final exhaustion. Waste in any form has- 


tens the day. The most serious form of 
waste now recognized is that of allowing 
gas to escape without being put to any use. 
This practice has hven tolerated in the oil 



(B.) Percentage of proved reserves ot 
petroleum in the United States credited to 
each of the principal producing states as 
of January 1948. 

fields for an inexcusably long time, and 
even now such waste is all too prevalent in 
some fields. Fortunately, however, the im- 
portance of gas pressure as a factor in oil 
production is becoming more fully under- 
stood, and consequently, control measures 
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are becoming incorporated into the conser- 
vation laws of oil-producing states. Other 
phases of conservation in which all citizens 
shf)iild take interest include such matters as 
maintaining internal combustion engines 
at high standards of efficiency and avoiding 
loss of leakage or evaporation in tanks or 
in transportation. 

Transportation and storage. When 
production of petroleum in large quantities 
began, the producers were immediately 
confronted with the problem of its trans- 
portation. Petroleum was then a new type 
of commodity: the railroads W('re not 
equipped for the efficient handling of liquid 
freight. Haulage at first was in barrels, a 
method that proved inadequate from the 
outset. This led to mounting tanks on rail- 
road trucks, and thus was initiated tank-car 
shipment of crude to refineries. 

The flush production of some ol the pools 
so greatly exceeded even the most hopeful 
expectations that tank cars with which to 
handU' it were not a\'ailabl(‘. In short, the 
freight-car type of transportation ior crude 
oil was not flexible enough tor the oil in- 
dustry, a fact which became obxious within 
a few years after the discovery well at 
Titusville had been brought into produc- 
tion. Nevertheless, tank-car .shipments by 
rail have* continued to be of importance in 
the oil industry throughout its history. On 
the basis of carload lots alone, petroleum 
and petroleum products now constitute 4 
to 5 per cent of the total carload freight 
hauled by American railways. In 1947 
there were over 159,000 railroad tank cars in 
the petroleum service. 

PiPK LINES. Transportation of crude oil 
through pipe lines was an outgrowth of the 
method used suece*sstiilly by water systems. 
This method of moving oil was first used in 
Pennsylvania about 1865, where the prac- 
tice began with wooden pipes, which were 
soon replaced by pipes of iron and steel. 
This method of transportation has grown 
to such magnitude that many sections of 
the United States are served by a veritable 
network of pipe lines (see map, page 382). 
This is the most efficient and least costly 


form of overland freight haulage that has 
yet been devised. The total mileage of 
pipe lines for transporting petroleum, re- 
fined products, and natural gas is reported 
to have reached the astounding figure of 
more than 4(K),00() miles. The term “pipe 
line" now implies a complete transportation 
system, including trunk lines, gathering 
lines, initial and terminal storage systems, 
commercial lines, and power plants. 

Steel pipes of twelve to twenty-six inches 
in diameter are used for ino.st of the trunk 
lines, while those of .smaller diameters are 
used for the gathering lines and some of 
the main lines. The oil is moved by means 
of pumping stations which serve as boosters 
or push(Ts to forex* the* petroleum from one 
station to the next. These power pumping 
stations are spaced from twelve to over fifty 
miles apart according to the density of the 
oil, topography, and climatic tx)nditions. 

Because of its cheapness and its flexibility 
of operation, the significance of pipe-line 
transportation can hardly be overstated. 
The pipe-line movement of crude oil in 
recent years has njached the astoni.shing 
total of more than 1,40(),()00,00() barrels 
per year. Until recent years, petroleum 
pipe lines were used only for transportation 
of crude oil; but with enormous increases 
ill demands for gasoline in cities located 
far from the oil fields, and with growing 
competition in marketing oil products, the 
industry was compelled to seek the cheap- 
est possible methods for the di.stribution 
of gasoline. Pipe-line transportation was 
the answer. The first important shift in 
this direction was the conversion of a large 
pipe line running from western Pennsyl- 
vania to the Atlantic seaboard. Formerly 
it carried crude from the oil fields of the 
west to the refineries of the east. Now it 
carries gasoline from the east to the markets 
west of the Alleghenies. The most striking 
example of moving gasoline on an immense 
scale by pipe line was that of the well- 
known “Big Inch” line, which carried gaso- 
line from the fields of Texas and Louisiana 
to seaboard outlets of the Middle Atlantic 
Coast. While the “Big Inch” was a war- 
time expedient, it served its purpose well 
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during the emergency, and it was later con- 1940 to about 250,000 miles in 1948, with 
verted to a means for distributing natural the upward trend still evident, 
gas from the same states to the markets in Tank farms. Oil from produeing wells 
the great population centers of New York is run through pipes into receptacles known 
and Pennsylvania. (See map, below.) as producers’ tanks. These tanks may be 
Recent years have witnessed an enor- large or small, varying with the type of pro- 
mous extension of pipe lines for the dis- duetion. Where strong wells oceiir, the 
tribution of natural gas. Main lines now producers’ tanks are large; where small 
connect the gas fields of Louisiana, Texas, wells prevail, the tanks may hold not more 
and Oklahoma with such distant cities as than two hundred to fiv(‘ hundred barrels. 
Minneapolis, Chicago, Detroit, and New From tlu^se the oil is transferred by gravity 



Map of major ii(*l(l.s of natural gas and of principal gas pipelines in the United Stati*s as of ScptenibiT 
J947. Note general similarity to petroleum map on page 382. 


York, and extend westward to Los Angeles, or by pumping into the working tanks 
Some of the main lines are of huge diame- which belong to the pipe-line systems, and 
t(‘rs, from eighteen to thirty inches. To lay which vary in capacity from 5,000 to 90,000 
these lines over hill and dale and across barrels each. 

large rivers and to construct them leakproof Tank farms are aggregates of storage 
is a job of the first magnitude, but problems tanks built in connection with the large re- 
of manufacture and constniction have been fining and shipping centers. They consist 
so successfully met that this form of trans- of tanks into which the crude is received 
portation has been expanding with phe- from field production and serve as the sup- 
nomenal rapidity. The total mileage of ply for refinery operation. They are large 
pipe line for crude oil and products trans- establishments, some of them providing 
portation increased from 1^,000 miles in storage for more than 10,000,000 barrels of 
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petroleum. Aside from carrying a suffi- tic service, some recently constructed being 
cient amount of oil above ground to assure reported capable of carrying 228,000 to 
steady operation of refineries, nothing is 240,000 barrels. The sturdiness and effi- 
gained by the use of tank farms because ciency of these ships make the importa- 
uiidcrgroimd storage is the best and cheap- tion of petroleum from the Middle East to 
est method. Substantial increase in total American refineries economically practical 
tank storage capacity in the United States in c*ompetition with domestic production, 
theretore s(‘c‘iiis unnecessary as long as pe- Of even greater significance is the assurance 
trolcum is the principal fuel involved. they give of adequate, dependable sup- 

OiL 1 ANKERS. When shipment of crude plies from South America and from overseas 
oil by water became necessary, a new type sourc^es to supplement the domestic produc- 
of vessel, the tanker, was devised to meet tion as need may develop. 



Cottripstf Standard Oil Company, New Jersey. 

(A ) Tank farm and Baton Rouge refinery from 
the air, January 1948. Note exteiiMveness of plant 
and differenl sluipes of tanks. Why are earthem 
embankments prepared around each tank? 

the demand. It is a steel ship divided into 
C'ompartments and equipped with pumping 
apparatus whereby loading and unloading 
may be quickly accomplished. With the de- 
velopment of extensive international trade 
in petroleum, tanker tonnage has had almost 
phenomenal growth. See Ulus. B above. 

Tankers plying between Caribbean ports 
and New York City have capacities of 80,- 
000 to 150,000 barrels of cmde. In general, 
smaller boats ply between Mississippi and 
the Gulf of the United States, whereas 
much larger ones operate in the trans-Atlan- 


Courtesy Standard Oil Company, New Jersey. 

( B. ) Oil tanker entering a lock in the New York 
Stale Barge Canal. PetroltMiiii and petroleum prod- 
ucts are the principal freight handled by the canal. 

Petroleum in Foreign Countries 

Since 1859 the United States has pro- 
duced approximately 65 per cent of the 
total world supply of petroleum; at the 
present time about 60 per cent is being 
produced in this country. The foreign 
countries which rank high in importance 
are the Soviet Union, Venezuela, Persia, 
Iraq, Saudi Arabia, Indonesia, Romania, 
and Mexico (see Ulus. p. 394). The prob- 
able reserves of oil and gas of the various 
C'ontinents are far from equal. On the basis 
of present evidence, North America must be 
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ratt'd highest and the United States given 
the most favorable position among the na- 
tions. However, present estimates indicate 
that the reserves of the Eastern Hemi- 
sphere, now considered to be proved, ex- 
ceed those of the Western Hemisphere 
(see Ulus, below). 

In the West(Tn Hemisphere the vast 
plains which begin in Canada, extend 
through the United States, and terminate in 
eastern Mexico comprise the most promis- 
ing and at the same time the most produc- 
tive large area as yet known in the world. 


Ironi Argentina to Colombia. Most of east • 
ern Brazil is a crystalline upland where the 
existence of oil over any large areas is not 
believed probable. The vast stretches of 
the Andes are so severely distorted that 
within the mountain area oil can occur only 
in scattered basins. 

Commercial exploitation has thus far 
proved successful in Venezuela, Colombia, 
Ecuador, Peru, and Argentina. The first- 
named has ranked second or third in world 
production for a number of vears, with th(' 
Maracaibo Basni as the chief cent(T oi 



However, the potentialities of South Am(T- 
ica have not been completely explored, and 
therefore knowledge concerning possibili- 
ties there is definitely incomplete. A simi- 
lar statement would apply to the oil re- 
serves of the Near East, from the Mediter- 
ranean Sea to India and embracing the vast 
area which includes Arabia, Iraq, and 
Persia. 


South America. Iii_South Ameri^ the 
best undeveloped prospects appear to be 
in the valleys of the Ormoco and the Upper 
Amazon and in the plains east of the Andes 


operations. Commercial j^roduction has 
now been reached in the Orinoco Basin, 
and there seems to be a strong probability 
that large reserves exist there (see map, 
page 395). For the entire country the 
annual output has reached nearly 400 mil- 
lion barrels and the rising trend promises 
to continue for some time. Venezuela may 
therefore be expected to retain her position 
as one of the leading petroleum countries 
of the world. 

Peru first appeared in the records as an 
oil producer in 1896 but did not reach the 
million barrel per year figure until 1909. 
Since 1935 the annual production has 
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Map of Venezuelan Oil Fields, 1948. Reprinted b\ permission of the Oil and Gas Journal^ Tulsa, Oklahoma, 
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ranged from 12 to 15 million barrels. The 
fields are in the northwestern part of the 
country along the Pacific Coast, south of 
the Gulf of Guayaquil. Exploratory work 
is going on in Peru east of the Andes with 
prospects of success apparently favorable. 

Production in southwestern Ecuador has 
continued moderately successful for many 
years; output there first exceeded a million 


mountains in valleys that drain into Lake 
Maracaibo. This production is piped 
across the Andes, where it meets but does 
not join with production from the earlier 
fields for export through the Magdalena 
Valley to overseas markets. Since 1940 the 
output of petroleum in Colombia has 
ranged from 12 to 23 million barrels per 
year, but the possible production appears to 



barrels in 1928 and since then has remained 
comparatively steady at from two to three 
million barrels per year. In Ecuador, as 
in her neighboring nations, exploratory 
work is going on east of the Andes, with re- 
sults as yet undetermined. 

In Colombia the principal producing 
fields are on the low western fianks of the 
Andes, about 425 miles inland east of the 
Magdalena River, and in a more recent 
development on the eastern flanks of the 


be much greater than that actually attained. 
The oil fields are connected with ocean 
.shipping facilities by pipe lines more than 
400 miles long. 

Argentina has had slow but steady 
growth in petroleum output since 1913. 
The annual production in late years has 
ranged from 22 to 27 million barrels with 
prospects of further increase during the 
years ahead. The principal centers of out- 
put are the Comodoro Rivadavia field. 
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about 900 miles south of Buenos Aires, and 
the more recently discoN ered fields east of 
the Andes in central and northern Argen- 
tina (see Ulus. p. 382). These fields ap- 
pear to continue northward into Bolivia, 
and perhaps even farther north, with ex- 
tensions still to be determined. In Bolivia, 
active exploitation is under way, induced 
by American interests which are willing, 
because oil seeps have long been known, 
to risk money for development despite con- 
siderable uncertainty as to safety of invest- 
ments due to unstable political conditions. 

Chile has been the scene of considerable 
exploration for a number of years, but re- 
sults were negative until production was 
discovered in 1945 in Tierra del Fuego. 
Reports indicate probability of successful 
exploitation in that southernmost part of 
South America, with the possibility that the 
producing area may extend into the eastern 
part ol the island, which is Argentinian 
territory. 

Europe, The rock structures of southern 
and western Europe are so broken and dis- 
turbed that it does jiot seem probable that 
any extensive petroliferous areas will be 
discovered. Small fi elds are well known 
and they arc located in , such widely , scat- 
tered plac'es as Alsace, Hanover, Galicia, 
a^ Romania. Recent developments have 
given further impetus toward hop(! of sub- 
stantial output of petroleum in northwest- 
crn^Germany and adjacent parts of Holland 
(see map, p. 396). In eastern Europe, in 
addition to the important Gaucasus area, 
Russia is characterized _by .extensive, plains 
with structures similar to those which have 
yielded much oil in interior United States. 
Therefore, these Russian plains, at present 
of little importance in the oil industry, ap- 
pear to have potentialities which may be- 
come revealed through further exploration. 

Romania and the Soviet Union. Ro- 
mania and the Soviet Union lead all other 
.European countries in output by a wide 
margin. Romania has been producing pe- 
troleum for more than eighty years; during 


most of that time the production was com- 
paratively small. However, the output 
gradually increased, reaching 40 million 
barrels in 1929 and over 60 million barrels 
in 1936, since which time there has been 
a rather persistent decline to 30 or 35 million 
barrels yearly, with the declining trend still 
in evidence. 

Russia became a petroleum producer be- 
fore 1870 and has consistently been one of 
_ilie leading nations, usually ranking second, 
although in late years her position has prob- 
ably dropped to third place because of the 
rapid development in Venezuela. For sev- 
eral years in the early part of the present 
t‘entury, Russia ranked first, surpassing 
even the United States. The principal fields 
illthe southe ast a nd near the Urals; the 
^ku field on the Apsheron Peninsula and 
the several fields akmg the north fiank of 
tl^ Caucasus Mountains are especially im- 
portant (sec page 382). The production 
of petroleum reported in 1944 reached 275 
million barrels, since which time specific 
data have not been available. In all proba- 
bility, production in the Soviet Union is in- 
creasing and may be expected to continue 
to do so for some years to come. The vast 
plains and intermountain basins which 
characterize the topography suggest struc- 
tures which may become producers as ex- 
ploratory work proceeds. It appears prob- 
able, therefore, that the Soviet Union will 
continue to rank as one of the three or four 
largest producers of petroleum among the 
nations of the world. 

Asia. From the petroleum standpoint, 
the extensive continent of Asia, including 
Siberia, is largely an unknown area. The 
results of exploratory work so far carried on 
have not been publicized to any large de- 
gree, and therefore the meager information 
at hand is fragmentary. The most promis- 
ing areas appear to be in western Siberia, 
in the plains and foothill belts east of the 
Gaspian Sea, in southwestern Persia, in 
Iraq, and in the Lowlands bordering the 
Persian Gulf in Arabia. Such exploratory 
work as has been c’ompleted has been re- 
warded with extraordinary suc'cess. 
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Persia, In American statistics, Persia 
first appeared as an oil producer in 1913, 
credited with an output of 1,857,000 barrels. 
At first, progress was slow, but sinc(* 1920 
it has been rapid, leading to an output of 
approximately 324 million barrels in 1948 
and placing the country lourth among the 
nations in petroleum production (see Ulus, 
below). The producing areas are along 
the south Hank oi tin* Bakhtiari Mountains 


of western Iran, north of th(* head of the 
Persian Gulf. The crude is transported by 
pipe line to large refineries constnicted on 
the island of Abadan, below Basra, whence 
the products are shipped by water routes 
to th(* cwport markets of Asia and Europe. 
English and American interests have pro- 
vided the major share of the* capital neces- 
sary for the development of the Persian oil 
industrv. Inasmuch as vigorous explora- 



Map of p{»trc)leiim production of countries east of the Mediterranean Sea. The oil fields shown 
rank among the richest in the world. 
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tory and drilling campaigns are continuing, 
the future promises still greater production. 

Iraq* The kingdom of Iraq is another 
of the later additions to the family of petro- 
leum-producing nations. The oil fields are 
located near Kirkuk in northern Iraq about 
one hundred miles southeast of ancient Nin- 
eveh (see page 398). Although strong 
wells were struck a number of years ago, 
commercial production was delayed be- 
c’aiise of lack of transportation facilities. A 
1,150-mile pipe line of 12-inch diameter 
with a daily capacity of 85,000 barrels was 
begun in 1932 and comjdeted for active 
service in 1935. It is a double line from 
Kirkuk to Haditha on the Euphrates, a dis- 
tance of 150 miles, wIutc it bifurcates, one 
line crossing Syria to Tripoli on the Med- 
iterranean coast, the other crossing Tran.s- 
jordan and Palestine to Haifa. More re- 
cently a parallel line of e(jual diameter has 
bet*n constructed and placed in operation, 
thus doubling the carrying capacity of the 
original line. It takes crude from Kirkuk 
about twenty-one days to reach Tripoli and 
twenty-five days to reach Haifa. With pro- 
duction holding fairly steady, present indi- 
cations point to Iraq's continued prom- 
inence as a petroleum-producing country. 

Arabia. In recent years American in- 
terests have undertaken extensive explora- 
tory investigations in the vast territory com- 
monly designated as Arabia (see page 398). 
This territory includes among others the 
several governmental units known as Trans- 
jordan, Saudi Arabia, Kuwait, the Bahrein 
Islands, and several others. Strong wells 
have been discovered and some are in ac- 
tive production. To date, the principal dif- 
ficulty has been that of transportation, but 
present plans call for pipe lines of large 
diameter to be extended across the desert to 
the shores of the Mediterranean. The Bah- 
rein Islands and Saudi Arabia have already 
become well recognized as rating among 
the great producers of the world, Saudi Ara- 
bia being credited with 135,000,000 barrels 
of petroleum production in 1948. Recent 
agreements reached by American and Brit- 


ish interests have given to both cKiuntries 
important stakes in the production of the 
several countries of the Near East, but 
American capital seems to be carrying the 
greater financial investment and the greater 
responsibility in the development of pro- 
duction and marketing. If present indica- 
tions an* borne out by further tests, this part 
of the world as an entity may rival the great 
petroleum-producing areas of the New 
World. Present prospects, at least, indi- 
cate that the Near East will probably be 
the reservoir from which the needs of the 
Eastern Hemisphere (particularly Western 
Europe) will largely be met. 

Southeastern Asia. India and the East 
Indies have long been important in the pe- 
troleum industry of the world ( see Ulus. p. 
400). India's production dates back to 
1894. Increase was slow but steady until 
1915, when the output had increased to 8 
or 9 million baiTels per year, after which 
decline set in so that in rec*ent years the out- 
put has been less than 3 million barrels. 

Sarawak ( British Borneo ) has been com- 
paratively j)rominent as a petroleum pro- 
duLVT since 1920, the output exceeding 6 
million barrels in 1946; howe\'er, the output 
of recent years indicates that the trend has 
apparently been stabilized at about 5 to 6 
million barrels per year with the possibility 
of gradual decline setting in. English in- 
terests are dominant in both India and Sa- 
rawak. 

The Netherlands Indies became an im- 
portant oil producer in the nineties and has 
remained so during the intervening period. 
The output in 1939 was approximately 60 
million barrels, but in later years the pro- 
duction was less, probably because of the 
effects of war and the postwar disruption. 
Ill 1946 recovery had set in and 40 million 
barrels were produced. Whether the up- 
ward trend will continue, only the future 
can answer. The capital interc.sts are 
chiefly but not exclusively Dutch. 

Eastern Asia. Japan, including the is- 
land of Taiwan (Formosa), has appeared 
in the list of petroleum-producing countries 
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since 1875, but the output was small until 
after the turn of the century. In spite of 
energetic exploratory work, the annual pro- 
duction remained at a low figure, exceeding 
slightly 3 million barrels during the prewar 
period. Since then, production has been 
reduced to 1.5 million, and at present there 
is no indication that any material increase 
may be expected (see Ulus. p. 394). 

Manchuria, Korea, and Eastern Siberia, 


were widely heralded. These have not 
been realized, however, and the yearly out- 
put has reached only about 9 million barrels. 
Although wells in some other countries of 
Africa have proved the presence of oil, 
economic returns in general have been dis- 
appointing. Africa is not credited with any 
large oil j)otentialities. Much of the in- 
terior of the continc'nt is a crystalline pla- 
teau with slight likelihood that oil may be 



including the coastal islands, include areas 
which are classified as potential petroleum 
producers, but actual output to date has 
been small. Some have given China a high 
rating in petroleum potentialities, but the 
published evidence is not reassuring. 

Africa. Egypt is the only countiy of Af- 
rica where important petroleum production 
has been achieved. The first commercial 
production was reported in 1911, and for 
some years the prospects for large output 


found. Most of the Sahara is unknown ter- 
ritory as to oil possibilities. The small 
quantities thus far produced in Africa have 
been obtained from the folded sedimen- 
taries which in some localities fringe the 
margins of the continent, and further dis- 
coveries will probably be limited to the 
same types of areas. 

Australia. Australia likewise has areas 
of crystalline rocks too extensive to warrant 
hope of any large perc'entage of potential 
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oil land, l^ocal pools may be found, but 
as a continent it docs not appear likely to 
attain high rank. 

Capital interests. On the basis of pres- 
ent knowledge, the great oil reserves of the 
world are in North and South America, in 
the Soviet Union, and in the Near East 
countries of southwestern Asia. The cap- 
ital interests of the United States, England, 
the Netherlands, and the U. S. S. R. control 
the major portions of the world s future oil 
reserves in so far as they can now be esti- 
mated. The economic and political control 
of the wor d’s reserves is not easy to deter- 
mine with exactness, but it seems safe to say 
that outside of the Soviet Union the oil in- 
dustry is largely in the hands of British and 
American capital. 

When coal was the bunker fuel of the 
day, th(‘ British developc'd coaling stations 
all over the world in order to give fuel 
service to ships in merchant commerce*. 
With the shift to petroleum, she was in 
position to equip similar stations for bunk- 
ering with petroleum and its products, a 
situation of which she took full advantage. 
With the ascendancy of petroleum and the 
greater flexibility that its use involves, the 
Americans, however, became active rivals 
with Britain in providing the fuel and power 
resources for maritime trade. The pres- 
ent outlook is that this condition will con- 
tinue and that no one a)untry will be in a 
position of virtual monopoly. 

Summary of the petroleum outlook. 
The expanding use of liquid fuels promises 
tremendous consequences in industrial de- 
velopment. Through new technological 
processes, it is possible to convert practi- 
cally all the crude petroleum into valuable 
products and by-products. Petroleum has 
become one of the great raw materials for 
the ever-expanding chemical industries. 
This means increased efficiency to a degree 
that few believed possible some years ago. 
Furthermore, experiments are in progress 
for the purpose of determining the practi- 
cality of liquefying coal and also of convert- 


ing coal into gas at the mines. If these 
experiments should indicate probability of 
commercial success and thus lead to the 
establishment of plants for conversion of 
coal into a liquid or gaseous fuel at the 
mine, the effects upon transportation and 
industry would be revolutionary. Haulage 
of liquids or gaseous fuels can best be ac- 
complished by pipe lines. Until recently, 
only crude oils were so transported, but 
now pipe lines are also used for transport- 
ing the light derivatives— especially gas- 
oline. Should the experiments now in 
progress for liquefaction of coal become 
commercially successful, and should the 
products be transported by pipe lines, the 
railroads would be deprived of the revenue 
provided by the greatest single t'ommodity 
now being carried. The effects of such 
change would extend to practically every 
realm of industry, affecting the manufac- 
ture of rolling stock, the steel output, and 
a host of industries contingent upon coal 
and steel as key commodities. 

The petroleum industry of the world thus 
far has been built largely upon the basis 
of American production. This can readily 
be understood if we bear in mind that the 
United States has provided nearly two- 
thirds of all the petroleum used in the 
world since 1860. Even with that tremen- 
dous drain upon the original store of re- 
sources, the proved quantity of petroleum 
still in reserve is greater than it has ever 
been known to be before. Now, however, 
scientific evidence indicates that the un- 
mined reserves of the Eastern Hemisphere 
may exceed the unmined reserves of the 
Western Hemisphere and that in the future, 
perhaps the not distant future, the United 
States will be in the position of a buyer of 
petroleum and petroleum products rather 
than a seller. England early realized the 
necessity of depending upon sources of pe- 
troleum beyond her own borders, and thus, 
almost at the outset of the modern petro- 
leum age, she became powerful in the in- 
ternational field of operations. More re- 
cently capital interests of the United States 
have become aware of the dangers of too 
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great dependence upon domestic reserves 
already heavily drawn upon and, therefore, 
have undertaken extensive exploratory and 
developmental programs in foreign coun- 
tries, particularly in South America and in 
the Near East. The necessity of maintain- 
ing a strong position in the realm of petro- 
leum carries with it international obliga- 
tions and the formation of international 
policies of the highest importance. It 
appears probable, th<*refore, that in the 
years ahead American and British interests 
facing common nec'ds and common prob- 
lems will, as a matter of economic as well as 
political expediency, be found working as 
a team. 

Within the United States the great 
change needed is that of conservation. 
The efficiency of the industrial methods 
n.sed is high and undoubtedly will remain 
high. Production methods, however, have 
in too many cases been negligent in con- 
serving gas pressure in ordtT that maximun 
production might be realizc'd. Wells have 
been drilled too close together. Spacing 
has not been carefully studied and unit 
operations have in most cases been avoided. 
A hopeful aspect, howevt*r, is that the pe- 
troleum industry is becoming aroused to the 
necessity of careful planning and execution 
of .scientific methods of exploitation. Th(' 
only way in which efficient methods of con- 
serving this irreplaceable resource can be 
carried on must be based upon co-operation 
and not upon uncontrolled individual com- 
petition. With the application of scientific 
methods and the adoption of sane adminis- 
trative procedures, the petroleum industry 
will be in a position to meet our individual 
and national needs for the foreseeable fu- 
ture. To do this, however, the industry 


must continue to be dynamic in its attitude 

toward new conditions and new problems 

as they develop. 
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chapter Tuxtity-three 


WATER-POWER RESOURCES— THEIR 
DISTRIBUTION AND INDUSTRIAL SIGNfflCANCE 


Ordinarily we admire the clouds 
because of their ever-changing forms or be- 
cause thev remind us of sailboats carried 
to their destinations by strong and steady 
winds. We should admire them as evi- 
dence of one of the most essential transpor- 
tation agencies known to man. Clouds 
consist of minute globules of moisture con- 
densed out of the invisible water vapor al- 
ways present in the air. Thus, quantities 
of moisture, as vapor and as clouds, are 
transported thousands of miles to be un- 
loaded as rain, snow, or hail wherever con- 
ditions are favorable for precipitation. 

Of the moisture that falls on the land, 
much e^^aporates or soaks into the ground; 
but estimates made on the basis of extensive 
field studies indicate that .30 to 35 per cent 
of the rainfall becomes run-off water in 
brooks, creeks, and rivers. This is the 
water, some of which is impounded into 
lakes at various altitudes, that makes water 
power possible. The total potential water 
power of the world is estimated to be at 
least 664 million horsepower, of which only 
13 per cent had been developed by the 
close of 1947. 

Streams as early sources of power. 
Streams have long been utilized as sources 
of power because man learned to make a 
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simple paddle wheel for the water to turn 
to do work (see Ulus. A, p. 404). By such 
primitive methods only small amounts of 
water power could be developed. In order 
to render the flow more uniform and de- 
pendable, it was necessary to construct 
reservoirs, but these could not be large be- 
cause the means of constructing strong, non- 
leaking dams had not been discovered. No 
wonder that with the advent of the steam 
engine man turned to coal as a larger and 
more elastic source of energy than running 
water. 

The mechanics of development of wa- 
ter power. Three major inventions have 
provided the magic whereby water power 
has been changed from a Cinderella to a 
princess. The invention of the turbine 
made it possible to use much larger vol- 
umes of water and to increase greatly the 
height and therefore the pressure of the 
confined water column upon the blades. 
The invention of the dynamo made it pos- 
sible to convert the energy of the falling 
water into electricity. The invention of 
Portland cement enabled man to construct 
dams hundreds of feet high and thousands 
of feet long by means of which even the 
largest rivers can be impounded safely. As 
a result of such inventions, hydroelectric 
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power has, within the past fifty years, at- 
tained a status of major importance in most 
industrial countries (see Ulus. B, below). 

The amount of energy in flowing water 
depends upon the (juantity of water and 
the velocity of the current. The latter, in 
turn, depends upon the gradient of the 
stream. The Mississippi in its lower course 
has a gentle gradient, its waters are slug- 
gish, and the river does not ofler attractive 
possibilities for power development as does, 
for example, the rushing, turbulent Colum- 
bia with its relatively steep gradient. Wa- 
terfalls and rapids represent the maximum 



(A ) Old waterpower mill m Mas 
stored by Henry Ford. Mills of sin 
vided most of tlie meclianieal pow 


best water-power sites. However, in order 
to harness the energy of a stream and thus 
convert it into power, it is necessary to sta- 
bilize the pressure of water upon the blades 
of the turbine. This is accomplished by 
building a dam, in some cases hundreds 
of feet high, to serve as a reservoir, thus 
making a dependable quantity of water 
available regardless of seasonal rainfall fluc- 
tuations. From the foot of the dam the 
water is led through a penstock to the tur- 
bine, where pressure against the blades 
causes revolutions which are transmitted 
to the dynamos for the generation of elec- 
trical power. Penstocks, whether vertical 
or inclined, are always much larger at the 
intake chan at the outlet and are so con- 


structed that any disturbances of tbe sur- 
face waters of the lake or reservoir above 
the dam will not aflect the pressure of the 
water at the outlet to the turbine. This is 
of course necessary in order to insure steady 
generation of current by the dynamos. The 
pressure per square inch on the blades of 
the turbine is 0.433 pounds per foot of 
vertical distance from the surface of the 



Courtesy Legation of Switzerland, ^ ashhigton, D C. 

(B ) The Barberme Reservoir of the Swiss Fed- 
eral Railways near Chatelard in the Valais. Power 
IS developed by the water pressure back ol the dam. 
The power house, not shown, is along the canyon 
wall below the dam. 

water to the point where the water enters 
the turbine through the penstock. 

Where power is generated at waterfalls, 
the water is taken out some distance above 
the falls and led by canal through a rock 
tunnel and thence through a penstock to the 
power house near the bottom of the gorge 
below the falls, where the pressure is re- 
leased at the narrow outlet against the 
blades of the turbine which in turn drives 
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the dynamos (see Ulus. A, below). The 
electric power thus generated is carried by 
copper wire to be distributed through sta- 
tions to places and plants where needed. 
At Niagara Falls, where power has been de- 
veloped in this way, the power companies 
have constructed long intake canals and 
rock tunnels to carry the water to the pen- 
stocks. Unfortunately, diversion of water 



(A.) Pen .sketch of penstocks (B) (oniiccting 
the Barheniic Reservoir (A) with the turbines and 
generators in the power house ((") The water 
pressure is measured by the height of intake at 
A above the turbines in the powcT housi' Water 
escapes below the power plant and forms the 
stream. 


energy. Most mountain streams are rela- 
tively small, but their gradients are so steep 
that without much difficulty man can im- 
pound reservoirs and utilize the pressure 
obtained by the great drop from the heights 
to compensate for the .smaller amount of 
water available. In the Alps and similar 
high mountain areas are some sites where 
the water descends from four to five thou- 



Courtcftj Lr pattern of Switzerland, Washington, D. C, 

(B.) Close-up view of a section of the pen- 
stocks illustiated to the left. The Barberine Res- 
ervoir, illustration page 404, is higher in the 
mountains, and the power hoii.se indicated on the 
left IS farther down the valley. 


.sometimes iippairs the beauty of the falls. 
In most cases, however, as at Niagara, a 
happy medium can be stmek, satisfying both 
the requirements for power and the demands 
for the preservation of natural beauty. 

In mountain areas of the Alpine type the 
streams derive a fairly steady flow from the 
permanent snow and icefields of the summit 
regions. These snow fields have often been 
referred to figuratively as “white coal” — a 
term now widely used for hydroelectric 


.sand feet through penstocks before reaching 
the turbines at the base (see Ulus, at left). 

In favorable cases such as where a large 
stream flows through a deep and narrow 
canyon, man can create a veritable artificial 
Niagara. Such is Hoover Dam in the can- 
yon of the Colorado River, 730 feet high 
and reaching from canyon wall to canyon 
wall (see Ulus. p. 406). Thus, not only is 
great pressure created by raising the water 
to near the level of the dam, but also large 
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Courtenj Butcnu of Reclamation, \Vashiuii,ton, D C 

Lake Mead and the Hoover Dam on the Colorado Rh'er The dam is 730 feet high. The power 
plants can be seen at base of canyon walls at foot of dam. Tops of penstocks are shown in tlie lake 
above the dam. The resulting pressure per square inch on the turbine blades approximates 730 x .433 
lbs. 
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enough quantities of water are made avail- flow of water coupled with a great height 
able to fill several penstocks. In lowland of fall, preferably provided by nature. Un- 
arcas, streams tend to be sluggish and fortunately, these conditions are not en- 
broad, but they often carry large amounts countered in many places. Where such 
of water. Man cannot raise the stream ideal conditions do not prevail, a relatively 
level to such great heights by constructing small flow of water should be accompanied 
dams across the rivers, but the large volume by a steep gradient, or a gentle gradient 
of water compensates for the lower fall, should apply to a large quantity of available 
Exainpli's of this type are the Keokuk Dam water. 

across the Mississippi and the Conowingo For practical purposes, any power plant 
Dam across the Susquehanna (see Ulus, must be able to furnish a steady, depend- 



Skrtch ify GIrun Jhmwif, Unucrsity of Nebra^km. 


Pen sketfli oi tlie Coimiiigo Dam (B) and power plant (C) on tlie Susquehanna River, Maryland. 
Developed head — drop Ironi resen'oir .surface (A) to base of power plant (C) at water outlet down- 
stream — IS H9 feet. Compute pressure upon turbine blades. 

above). This type of hydroelectric devel- able current month after month and be able 
opment is costly per unit of power produced to meet the heavy demands of peak-load 
unless associated with multiple uses such periods, whether they be daily or seasonal, 
as navigation, irrigation, or flood control, It is here that water-power development 
and therefore, to date, the number of de- encounters one of its chief problems, since 
veloped sites in this category has been rela- most rivers are subject to pronounced sea- 
tively small. sonal fluctuations in volume. The Missouri 

at Omaha, for example, has recorded a dif- 
Characteristics of streams favorable for ference of nearly twenty feet between the 
water-power development. From the high and low stages in a single year. Fur- 
above it should be evident that, given a thermore, the high stage of the river is 
market, the conditions most favorable for marked by a sharp increase in velocity and 
hydroelectric development would be a large therefore the difference in power potential 
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is even greater than the diflerence in stages 
of water level. To make use of the potential 
power of streams characterized by great 
fluc*tuations in volume and flowing in broad 
valleys necessitates dams of such dimen- 
sions that the resulting lakes cover large 
areas of usable land. Power can be de- 
veloped but the costs are so high that the 
whole project is likely to be unec-onomic. 

There is an intimate relationship between 


rive most of their water from mountain 
glaciers are generally more dependable than 
those that oftain their water from precipita- 
tion in a lowland area. Rivers that flow 
through well-forested mountain regions 
have more uniform volume than those flow- 
ing through mountain areas which have 
been deforested and where the surface litter 
has already been removed by erosion or 
burning. 



Eshmates hij U. S. Geological Survey^ Washin0(m, D. C. 


Graph to show estimated poU’ntial and developed water power resonrees ol tin* continents as of 
January 1948. How does one aeeonnt for the high potentials ascribed to Africa and Asia? 


river regime^ and the climate, topography, 
and vegetation cover of an area. In regions 
with equable rainfall, the river regime will 
show less fluctuation than in regions with 
pronounced wet and dry seasons, as, for 
example, in the tropical savannas or the dry 
interiors of the continents. Rivers that de- 

' By river regime we imply the behavior of a 
stream through the normal course of a year, through 
low-stage and high-stage periods, and the rapidity 
or slowness with which those changes occur. 


Potential water-power regions of the 
world. (See Graph on World Situation, 
above. ) Where nature has provided stor- 
age basins in the form of lakes we find the 
most uniform type of river regime. Well- 
known examples of this type are the Ni- 
agara and the St. Lawrence rivers, both 
of which head in large lakes and are noted 
for their remarkable constancy of flow. 
The glaciated areas of North America and 
Europe, where numerous small lakes 
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al)()iinc!, also are characterized by streams 
of relatively uniform \'oliiine well adapted 
to powcT utilization. Small dams can be 
constructed at low cost and with slight 
hazards, and power at a minimum cost thus 
be made obtainable. For hydroelectric 
power it is always nec(*ssary to eonstnict 
storage reser\'oirs to equalize stream volume 
and thus increase the power available dur- 
ing the low-water period. Contrary to 
popular ojmiion, the smaller power sites 
have not proved efficient in competition 
with the larger unit installations. 

Those parts of the Canadian and Scan- 
dinavian shields which have been inten- 
sively glaciated are among the regions most 
fa\erablc for water-power development. 
There, large lakes a\’ailable as reservoirs 
are numerous, although in general the pre- 
cipitation is moderate rather than heavy 
and the stream flowage is c()m])aratively 
large due to the slight demands of the vege- 
tation and the slow rate of evaporation 
caused by the low temperatures. In the 
j)ortions of the country where low winter 
temperatures persist for several months, the 
problems connected with freezing and the 
necessity for maintaining steady flowage 
present difficulties to be sunnounted. In 
severe weather ice may form within the 
])enstocks, thus choking flowage to a greater 
or lesser extent. Ice masses may clog the 
outlet canals. Nevertheless these difficul- 
ties ordinarily can be overcome through 
careful engineering planning without add- 
ing greatly to the cost of producing elec- 
trical current. 

Other areas favorable to hydroelectric 
development are high mountain areas, such 
as the Cascades, the Alps, the Caucasus, 
and the Himalayas. On most of these 
mountain slopes precipitation is heavy. In 
the Cascades it amounts to more than 80 
inches per year at high altitudes on the 
western slopes, and in the higher parts of 
the Alps precipitation exceeds 120 inches. 
Rivers are well fed by snow fields and gla- 
ciers. Gradients are steep, and storage 
reservoirs either exist as glacial lakes or 
they can be constructed whenever net^es- 
sary. 


I’he tropical zones of high rainfall in 
South America, Central Africa, and the East 
Indies are rich in potential water power. 
Africa is especially well favored because 
much of the interior is a high plateau and 
practically all the rivers have falls and 
rapids near the coasts (see Table IX, p. 415). 
Ill South America, the greatest power pos- 
sibilities occur in well-watered portions of 
the Andes and along the fall line which ex- 
tends around the Brazilian Plateau. The 
large potential water powers of Africa, 
South America, and Asia ha\'e been but 
slightly developed as yet because they exist 
either where population is sparse or where 
modern industrialism has made little ad- 
vance. In Asia, Japan and Korea have 
made great strides in hydroelectric develop- 
ment. In South America, Brazil takes the 
lead, but the percentage of power so far 
developed is low in comparison with the 
total potential. Much of Australia is too 
arid to produce large quantities of water 
power for the nation as a whole, although 
certain portions in the east and northeast 
have heavy rainfall. (See World Map of 
Climatic Regions and page 415. ) It seems 
certain, therefore, that in so far as hydro- 
electrical development is concerned North 
America and Europe will continue to hold 
the center of the stage for a considerable 
time to come. 

Development of water power in the 
United States. During a)lonial times 
water power played an important role in 
America, especially in New England, where 
lakes, falls, and rapids were numerous and 
where there was a nearly constant flowage 
of the rivers and even of the small streams, 
a large percentage of which were outlets of 
natural pondage produced by continental 
glaciation. Most of the towns had their 
own grist and saw mills driven by direct 
water power, and in many cases even the 
bellows of the smithy were activated by 
falling water. In the colonies farther south 
physical conditions were unfavorable for 
small-scale development; the rivers were 
larger and their flow was subject to greater 
fluctuations. As a result of these condi- 
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tioris, water power in that section of the 
country did not attain the importance in 
colonial life that it did in the north. In 
New England, the falls and rapids were 
early utilized to furnish power for the opera- 
tion of factories (still called “mills”), and 
thus was made possible the early indus- 
trialization of that part of the New World 
(see Ulus. pp. 337 and 341). 

With the introduction of steam power 
based on coal, water power for a time de- 
clined in importance. Since 1900, however, 
the modern water-power industry based 
upon the generation of electricity has made 
rapid strides. In 1890 the installed water 
power was rated at approximately 1,280,000 
horsepower, most of which was used with- 
out being transformed into electricity. In 
1947, at all hydroelectric plants with a rated 
capacity of over 100 horsepower, the total 
installed capacity of water wheels and tur- 
bines had reached 24,206,000 horsepower. 
Even with this astounding progress, the 
country has developed only about 70 per 
cent of its rated potential. It has been 
estimated that with complete development 
of the water-power resources of the whole 
a)untry the installed capacity would amount 
to 80,000,000 horsepower within continental 
United States.- Of the present production 
of electricity for public use in this country, 
about 35 to 37 per cent is derived from 
water power. 

Water-power regions in the United 
States. Data obtained from the U. S. Geo- 
logic'al Survey serve as the basis for this 
discussion of developed and potential water 
power. The amount of developed power 
is based on the installed capacity of water 
wheels at constructed plants, which aver- 
ages two to four times the potential power 
at low flow at the same sites. This is of 
importance in comparing potential power 
with developed power and also in estimat- 
ing the percentage of a nation’s water- 
power resources which is utilized. For any 
country a rough estimate of the ultimate 
installed capacity of water wheels can be 

* The Statistical Abstract of the United States for 
1946. D. 482. 


obtained by assuming it will equal the 
power available at mean flow and 100 per 
cent efficiency. The sites already utilized 
may be assumed to be the best sites in a 
country, except where development is regu- 
lated for the purpose of preserving scenery, 
as at Niagara Falls, or where good power 
sites may be too far from markets for 
economic development at this time. 

The northern and northeastern parts oi 
the United States, from Maine to Minne- 
sota, are favored by numerous stn'anis and 
lakes, generous precipitation, and nearness 
to population centers. Water power is de- 
veloped more extensively there than in any 
other section of the country. As a unit 
enterprise, Niagara Falls ranks supreme, 
but the swift-flowing streams between Lake 
Ontario and Montreal oiler many favorable 
sites for large-scale hydroelectric develop- 
ment. Tins is tnie also where the streams 
are plunging from the Adirondacks and 
from the Catskills and the* Appalachian 
Plateau to the lowlands bordering Lake 
Ontario and the Mohawk Valley. Even in 
that area, however, the hydroelectric* power 
is insufficient to meet the demands and 
hence must be supplemented by numerous 
large steam plants to generate the needed 
electric* power (see Ulus. p. 344). 

Another well-known site now fully de- 
veloped is that of the St. Anthony Falls in 
Minneapolis, where the great flour mills 
were early favored by hydroelectric power; 
but even in the twin cities of Minneapolis 
and St. Paul the most important function of 
hydroelectricity is to provide supplemen- 
tary current to meet the daily peak loads 
(see Ulus. p. 411). 

The Appalachians from Pennsylvania 
.southward to Alabama make up another 
water-power region, one which reaches its 
maximum potentiality in North Carolina 
and Tennessee, where the mountains reach 
altitudes of 4,0(X) to more than 6,000 feet. 
Rainfall is abundant there, averaging from 
60 to 80 inches per year. From the moun- 
tains, numerous streams of large volume 
and steep gradients descend to the adja- 
cent lower lands of the Great Valley to the 
west and the Piedmont on the east, where 
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population is relatively dense and the need 
for power is great. Still farther east, be- 
yond the mountains proper, the streams 
pass abruptly from the hard rocks of the 
Piedmont to the soft rock of the Atlantic 
Coastal Plain. Above this line of contact, 
in the so-called “fall line zone” extending 
from Trenton, Baltimore, and Richmond to 
Columbia, South Carolina, and Macon, 
Georgia, are some of the best water-power 


navigation, and usage of the land. These 
are made practical by the dams which im- 
pound the water in order to reduce the great 
differences between high- and low-water 
stages formerly characteristic of the streams 
and to make use of the impounded water 
for the generation of electricity as it is dis- 
charged into the streams for the purpose of 
increasing navigability during low-water 
periods. With that has come the necessity 



Courtcifi Miniwapohs Chamber of Commerce. 

The St. Anthony Falls on the Mis.sisMppi, now completely harnessed for hydroelectric power. Note 
the two dams, one at the left, the other near the center of the picture, and the large flour mills along 
the banks of the river. 


sites of the n^gion. In recent years large 
textile industries, attracted by available 
hydroelectric power, cheap labor, and prox- 
imity to raw material, have developed there 
and on the Piedmont. 

On the west side of the mountains the 
Tennessee River Basin has become a major, 
highly developed, water-power region. 
There, however, under the auspices of the 
Tennessee Valley Authority, the develop- 
ment is of the multiple activity type; it is a 
unitized program involving flood control, 


of reducing the rate of run-off from the 
slopelands drained by the Temnessee and its 
tributaries. In order to accomplish this 
phase of the conservation program, an ener- 
getic educational campaign has been and 
is still being carried on whereby grain and 
livestock farmers are fully informed con- 
cerning the wisdom and economic sound- 
ness of a program of soil conservation that 
includes terracing, improvement of grass 
and timber cover, and the choice of crops, 
all employed to reduce to the minimum the 
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Courtvsy h. S. Bureau of Hcclamatioii, Washington, D. C. 

Diagnim of Grand Coulee Power and Pumping Plant and map of hydroelectric* power locations along 
the Columbia River in Washington. Note locations on map and the diagram of operations shown on 
upper drawing. 
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loss of soil by running water. Inasmuch 
as the program is one of multiple objectives, 
only part of the total cost of impounding the 
river waters into lakes by means of dams 
is chargeable against the hydroelectric 
power generated. 

In the large central plains between the Ap- 
palachians and the Rocky Mountains, stream 
gradients are gentle and the river valleys 
generally are wide. Among the larger de- 
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In the western section of the plains the 
average annual rainfall is less than twenty- 
five inches, and the streams, although sub- 
ject to seasonal high stages and occasional 
flood conditions, have relatively small vol- 
ume during most months of the year. For 
the most part, the natural conditions are 
unfavorable for large-scale hydroelectric 
development. In some places, however, 
streams flow over rock beds, channels are 



Courtesy U S. Bureau of Rcclumatton, Washitif^Um, D C. 

The Grand Coulee Dam, Eastern Washington The largest concrete d.im m the world This 
multiple-purpose dam raises the level of the Columbia Hi\er to facilitate irrigation pumping for the 
project. The woild’s biggest hydroeli'ctric generators are operated m the West Powerhouse, farthest 
fiom the camera. 


veloped power projects, the Mississippi 
River at Keokuk was one of the earliest and 
is still one of the foremost in the Central 
Plains area. The rapids of the Missouri at 
Great P'alls, Montana, are partly utilized by 
a large copper refinery. Furthermore, utili- 
zation of the upper Missouri by what is 
known as the Fort Peck Reservoir project 
has added another important development 
and others are planned for early construc- 
tion along the Missouri River and its major 
tributaries. 


quite narrow, reservoir sites are available, 
and market demands for power justify de- 
velopment. Some such sites have been de- 
veloped and power plants are in opera- 
tion, notably on some of the large tribu- 
taries of the Missouri in Montana, Nebraska, 
and Kansas. Present plans call for exten- 
sive development of flood c*ontrol, naviga- 
tion, water power, and irrigation in the 
basin of the Missouri above Kansas City. 
Large powers can be developed, and if the 
project is constructed and managed on a 




414 


WATER-POWER RESOURCES 


unitized basis so that the expenses in- 
volved will be allocated to irrigation, flood 
control, and navigation, as well as to hydro- 
electric development, the economic feasibil- 
ity seems assured. The net result will be 
greater agricultural and industrial activity 
throughout the area, and agricultural pro- 
duction will become stabilized to some de- 
gree, thus reducing the long-prevalent fear 
of years of almost c'omplete failure caused 
by drought. Under a unitized program ot 


the multiple advantage type proposed, avail- 
able hydroelectric power as a by-product 
of irrigation will prove to be a stabilizing 
influence of high economic worth. 

Potential water-power resources are great- 
est in the northwestern part of the United 
States. The western slopes of the high 
Cascades facing the moisture-.ltiden air 
masses from the Pacific are noted for their 
heavy rains and winter snows, the latter 
alone exceeding thirty feet in some years. 



Map of Lake Mead, Hoover Dam, and irrigated lower Colorado River 
valley. Note location of Imperial Valley and Salton Sea and the aqueduct 
through which water is carried to Los Angeles. 
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Table IX 

World SITl^\TlON as to Developed 
AND I^OTENTIAL WaTER PoWKR, IN 

Thousands of Horsepower 
(as of January 1918) 


Continent 

and/or 

Country 

Devel- 

oped 

Poten- 

tial 

Percent- 
age of 
Devel- 
oped 
Power 

North America 

.35,819 

83,4(K) 

42.47 

Canadu 

lo.l'll 

32,(KK) 

32.78 

Mexico 

(•4() 

8,.5(K) 

7.00 

LI. S. A... . 

24,‘2()6 

.33,7(K) 

09.75 

South Amenvn 


00,000 

3..59 

Argentina 

75 

.5,400 

1.43 

Brazil 

1,520 

28,0(K) 

5.42 

Chile 

.322 

.3,000 

8.91 

Peru 

275 

0,400 

4.29 

Europe . 

31,9.37 

(w.wir. 

51.18 

Itulv 

(i,2.5() 

0,000 

104.10 

France . 

(),1(M) 

('|,(MK) 

101 .w 

Sweden . 

3,820 

3,0(K) 

95..50 

Norway . 

3,800 

KMHK) 

38.00 

Switzerland 

;{.7(H) 

3, (MM) 

l(r2.77 

Gernianv . 

2,000 

2, (MM) 

1,30.(K) 

S])uiii 

1,980 

r),7(M) 

34.74 

U. S. S. W. 

1,900 

1 l,(M)0 

1,3.57 

United Kingdom 

385 

7(K) 

69.28 

A frica . . 

308 

273,890 

0.1,3 

Algeria . 

105 

,300 

35.(K) 

Morocco . 

81 

3,50 

2,3.14 

Belgian (^ongo 

70 

130,000 

0.05 

Hhodesia . . 

31 

3,5(K) 

1.17 

French Congo 

— 

,50,0(M) 

0.00 

Asia . 

12,059 

150,0(K) 

8.00 

.latian . 

8,000 

7,200 

119.11 

K(>rea 

1,800 

3,000 

60.00 

India and Cevlon 

707 

.39,(KK) 

1.96 

II. S. S. ]{. 

332 

01, (KM) 

0.53 

China. 

4 

22,000 

0.018 

Oceania 

1,283 

20,1.50 

6.37 

New Zealand 

070 

- 2,000 

,33..50 

Australia . . 

.3,52 

1,(KK) 

35.20 

.lava. . 

140 

1,100 

12.72 

Philippine Re- 




public . . 

65 

2,000 

32.50 

WORLD 




TOTAL. 

80,900 

601,000 

13.08 


Source: Estimates, IKS. Geological Survey, 
Washington, D. C. 


Of the total amount of potential water 
power in the United States, 31 per cent is in 
Washington and Oregon (see Ulus. p. 412). 
The Grand Coulee and the Bonneville proj- 


ects along the Columbia River have added 
important contributions to available hydro- 
electric power in the rapidly expanding 
northwest. The absence of extensive coal 
beds and oil deposits in that section oi 
the country enhances the importance of the 
water-power resources. In California the 
slopes of the Sierra Nevadas receive heavy 
precipitation from Pacific air. Although 
the tributaries of the Sacramento and San 
Joaquin are relatively small, their number 
and their swift descent give rise to com- 
paratively great power potentials. As a 
result of the demands arising from the ra- 
pidly increasing population, the water- 
power resources of California are more fully 
utilized than are those of the other Pacific 
states. In California more than 50 per cent 
of the available potential is in use, whereas, 
for the Pacific Coast states as a whole, only 
about 25 per cent of the potential has thus 
far been developed. The potentials re- 
ferred to in all phases of this discussion are 
those for which availability 95 per cent of 
the time is indicated. 

The Colorado River flows through one of 
the most arid sections of the country, but 
melting snows in the headwater areas of 
the mountains and plateaus furnish abun- 
dant water. In most of southwestern 
United States power development is inci- 
dental to the conservation ot water for irri- 
gation, as is true at the Coolidge and Roose- 
velt dams on two of the southern tributaries 
of the Colorado. The Hoover Dam project 
on the Colorado River ranks as one of the 
largest irrigation and power projects in 
the world (see Ulus. pp. 406 and 414). It 
is designed to equalize the flow of the lower 
Colorado in order to prevent loss of water 
during times of flood, to furnish water for 
municipalities and for irrigation throughout 
the year, to increase the area of irrigable 
land, and to produce cheap power for 
domestic and industrial purposes. 

Water-power development in Europe, 
Italy, France, Switzerland, Germany, Nor- 
way, and Sweden produce about 75 per cent 
of the hydroelectric power developed in 
Europe. The combined production of 
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Estimates htj U. S. Geological Survey^ Washinffton^ D. C 

(A.) Graph to illustrate rapid and pronounced increase in the devt*loped hydro('lec*tric power ol the world 
since J92(). What was the percentage increase hoin 1920 to 194()? 

these countries slightly exceeds that of the capacity of her installed water wheels being 
United States. (Sec Table on page 415.) 6,10(X0()0 horsepower in 1948 (see page 

In Italy the absence of coal resources has 415). Small powers are widely distributed, 
served as an incentive for the development but the principal areas of hydroelectric dc> 
of water power. Much of the country is velopment are on the flanks of the Vosges, 
mountainous and receives considerable pre- Alps, and Pyrenees and along th(* streams 
cipitation, especially in the Alps and the that head in the well-watered Central 
northern Apennines. The principal power Plateau. The widespread availability of 
sites in Italy are found in the mountains potential water power and the latk of im- 
around the densely populated and indus- portant coal resources in most parts of the 
trialized Po Basin. country are factors which have led to the 

France ranks sec'ond in developed water development of hydroelectricity as an in- 
power among the nations of Europe, the dustrial necessity. The developed hydro- 



(B.) Graph to show developed waterpower per thousand population as of early 1948 in the six 
European countries ranking hi^ in this respect. How does one account for the comparatively low 
rank of Germany and the nigh rank of Norway? 
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electric power per capita in France is about 
four times that in Germany. 

According to recent estimates, Sweden 
ranks third in Europe in developed water 
power, exceeding Norway by a slight mar- 
gin. Sweden is fortunate in having exten- 
sive potentialities which can be readily de- 
veloped because many of her streams are 
intercepted by lakes which serve as natural 
leservoirs to regulate stream flowage. In- 
asmuch as power is needed for the iron- 
mining industry of the north and for the 
lumbering operations throughout most of 
the C'ouiitry, with attendant demands for 
transportation, markets for electric power 
are near at hand everywhere. The princi- 
pal handicap to be overcome is that of 
heavy ice formation in central and northern 
Sweden during a large part of the long 
winter period. 

Norway ranks first among the European 
countries in developed hydroelectric power 
per capita and nearly equals Sweden in 
total power development (see Ulus. B, p. 
416). The country ranks second only to 
the U. S. S. R. in estimated potential water 
power. Development is favored by a mild 
winter climate along the western coast and 
by heavy snowfall on the interior uplands, 
which provides all-year run-olf through the 
high gradient streams to the deeply in- 
dented coast. Low-c*ost hydroelectricity 
has long been recognized as a foremost 
economic asset for Norway, a factor that has 
favored the successful operation of technical 
manufacturing industries in that country. 

Switzerland is the third member of the 
“Big Three” of the small countries that loom 
large in the development of hydroeleclricity. 
Not favored by coal or other bulky raw 
materials for manufacture, the people of 
Switzerland have turned to skilled manufac- 
tures such as watches and precision instru- 
ments, wherein small amounts of raw mate- 
rials, through skill and use of readily con- 
trollable power, result in products of high 
value. (See Table IX on page 415). 

Germany, while rich in coal, found it 
economically advantageous also to develop 
her water-power resources. While the es- 
timated potential water power of the coun- 


tiy, based on the ordinary minimum flow of 
her streams, was only 2,000,000 horsepower, 
her developed power in early 1948 was re- 
ported as 2,600,000 horsepower. This is a 
concrete illustration of the fact that the pub- 
lished potentials are ultraconservative be- 
cause they do not take into consideration 
the effects of construction of dams whereby 
the mean flow rather than the minimum 
becomes available. On the basis of early 
1948 data, the amount of water power per 
capita developed in Gennany was about 40 
horsepower compared with 149 horsepower 
for France and 814 horsepower for Switzer- 
land. (See Ulus. B, p. 416). 

Data for the Soviet Union are so sketchy 
as to make estimates of doubtful validity. 
In European Russia it is known that large 
power installations have been made since 
1920, and it seems safe to accept the estimate 
that nearly 2,000,000 horsepower of hydro- 
electricity are now in operation. The po- 
tentialities are great, probably exceeding 
those of Norway. If all of Russia in Europe 
and Asia be considered as a huge unit, the 
computed potentialities may equal or ex- 
ceed those of North America, 

As a continent, Europe is rather fortunate 
in the distribution of her power resources. 
The countries with little or no coal, such as 
Italy, Switzerland, Sweden, and Norway, are 
rich in water power, while the countries weak 
ill water power, such as England, Poland, 
and Germany, are rich in coal. Russia has 
large reserves of coal and potentialities of 
water power, which is tnie also, although 
in lesser degree, of Spain, Austria, and 
Czechoslovakia. The Balkan states have 
considerable potentialities of water power 
but are lacking in large-scale development. 
Denmark and the Netherlands are weak in 
both coal and water power but are within 
easy reach of both from competitive sources, 
a distinct economic advantage. 

Water power in Asia. As may readily 
be observed from the list. Table IX, Japan is 
far in the lead in Asia from the standpoint 
of developed hydroelectricity. As with 
Germany in Europe, Japan has installed 
water wheels and dynamos that will deliver 
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electric current in excess of the published 
potentials computed on the basis of mini- 
mum stream flow. The factors that have 
led to this high development include, of 
course, abundant precipitation, mountain- 
ous topography, and need for industrial 
power, to which must be added the zeal 
and energy of the Japanese people, a factor 
not to be overlooked. 

Korea has made long strides forward in 
the development of water power in propor- 
tion to estimated potentialities. On the 
whole, however, one must recognize that 
hydroelectric development in Asia has 
made little progress in proportion to its po- 
tentialities. 

Water power in Africa. As shown by 
the table on page 415, the outstanding con- 
tinent in potential water power is Africa, 
credited with 41 per cent of the potential 
water power of the world and with only 
four-tenths of one per cent (0.4 per cent) 
of the developed water power. That it is 
a continent of great possibilities is unques- 
tionable, but that does not answer either of 
two questions: “Why so much water power? 
Why so little development?*' 

In the first instance, we must recall that 
much of Africa is in the low-latitude belt 
of heavy rainfall and that much of the con- 
tinent is plateaulike with sharp descent to 
the sea. Second, to date local markets 
have been small and scattered. The great 
markets are in connection with industrial 
areas, of which, so far, the nearest are in 
Europe. Thus it seems probable that hy- 
droelectric development in Africa on a 
scale befitting the huge potentialities must 
await the establishment of large industrial 
centers within the continent or markets for 
hydroelectric power must be found outside 
the continent. The dream long held by 
some that power plants in the Belgian 
Congo will provide electricity for use in 
western Europe as far north as the British 
Isles may some day become reality. 

Water power in South America. South 
America is in fourth place among the con- 
tinents from the viewpoint of developed 


power, while on the basis of potentialitieis 
she is virtually on a par with Europe. Bra- 
zil has distinct leadership, being credited 
with 42 per cent of the potential and 63 per 
cent of the developed water power of the 
continent. In potential power, Brazil is 
followed by Peru, Argentina, and Colombia, 
in the order named, but in developed water 
power Chile ranks second to Brazil, fol- 
lowed by Peru and Argentina. The de- 
veloped water power of South America is 
but 3.6 per cent of the reported potential. 
Inasmuch as most of the known power sites 
nec'essitate constniction of expensive dams, 
distant from large markets, the expansion 
of hydroelectric power will probably pro- 
ceed slowly. ( See Table IX. ) 

Water power in Oceania. Oceania is 
rated as having developed 6 per cent of 
her potential water power, giving her a 
position in advance of South America in this 
respect. In development per capita, New 
2Jealand holds first place in Otvania by a 
large margin, with 364 horsepower per 
thousand population compare^ with 46 
horsepower per thou.sand population in 
Australia. Development in New Zealand 
is favored by mountainous terrain, ample 
rainfall, and demand for industrial power 
springing from an energetic and fairly 
numerous population. On the other hand, 
Australia is largely a continent of little 
rain, and in the eastern and northeastern 
sections where rain occurs and where 
water-power conditions appear most fa- 
vorable, ample reserves of coal easily mined 
provide competition as a source of power 
not readily overcome. 

Water power and industry. Water- 
power developments not only provide light 
and power for domestic purposes, but they 
usually sell a large percentage of their cur- 
rent to industry. With the aid of high- 
tension lines, electricity can be distributed 
over large areas. In recent years the dis- 
tance over which it is profitable to transmit 
electricity has been increasing steadily and 
the networks of power lines are ever ex- 
panding. At present it is economically 
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possible for a large power plant to transmit 
electricity from two hundred to three hun- 
dred miles. Nevertheless, there are a num- 
ber of industries which tend to congregate 
around power sites because of their large 
demands for cheap power. Among these 
should be mentioned particularly the elec- 
trochemical industries, such as the manu- 
facture of nitrates and calcium carbide, and 
the electrometallurgical industries, of which 
aluminum and special alloys are typical ex- 
amples. 

Cost of water pouter. The fact that no 
fuel need be purchased by hydroclectri- 
cal plants has led many people to believe 
that electricity can be produced and dis- 
tributed by such plants almost free of 
charge, or at least much more cheaply than 
by coal-burning plants. This impression 
is erroneous and results from the fact that 
the public fails to take into consideration 
the huge expenditures necessary for the 
installation of great water-power plants. 
Furthermore, power site's usually are found 
considerable distances from industrial and 
marketing centers, thus involving costs of 
transmission from power plants to distribu- 
tion centers. Inasmuch as these factors 
must all be taken into consideration in set- 
ting up hydroelectric establishments, the 
total cost of the electricity generated may 
be found to equal or exceed the costs in- 
volved in generation by steam plants. 
Still another factor not to be overlooked is 
that of gradual sedimentation of the reser- 
voir and the resultant reduction of its ca- 
pacity. Streams all carry varying amounts 
of sediment, which will settle to the bottom 
in the still waters impounded by a dam. 
The rate of filling will depend on the flow- 
age of the stream, but since the best water- 
power streams generally are relatively swift 
owing to the high gradients, the load of 
sediment carried is usually comparatively 
heavy. Engineering safeguards may re- 
duce the rate of filling and thus greatly 
prolong the life of reservoirs, but even so, 
they involve added costs of maintenance, 
and rates per kilowatt-hour must be com- 
puted accordingly. 


The above is intended to aid readers to 
understand why electricity is not neces- 
sarily a low-cost form of power and to 
realize why dams and reservoirs should, 
wherever possible, be made to serve multi- 
ple functions, for example, irrigation, flood 
control, navigability, land use, and recre- 
ational resorts, as well as generation of 
electric power. Allocation of costs to the 
several functions served seems the equita- 
ble manner of procedure. 

Fortunately, the present problem is not 
generally a question of hydroelectricity or 
steam-generated electricity; we need and 
must have both. If all the possible water 
power in the United States should be fully 
developed, the amount of hydroelectricity 
would still fall greatly short of meeting the 
nation's power needs. Increasing efficiency 
of coal-fired steam engines is thus a factor 
of high industrial significance because low- 
cost power is essential to high production 
and general prosperity. Interconnected 
power systems of electricity generated by 
water power and by coal-burning steam 
plants may be expected to increase rapidly, 
with the result that homes and business in 
rural areas, as well as in the cities, will 
find electric service within their economic 
reach. This is another goal ardently 
.sought in this age of distributable power. 
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Chapter Twenty^four 


THE IRON AND STEEL INDUSTRIES— 

fundamentals of the industrial world 


In earlier chapters the mineral 
resources of particular value for construc- 
tion purposes and tor use as raw materials 
for manufacture without much change in 
nature have been c'onsidercd. It will be 
recalled that the common rocks and min- 
erals are of the first category, and such re- 
sources as asbestos, salt, sulphur, and the 
mineral fertilizers are of the second. The 
principal industrial processes involved in 
their preparation include fashioning for 
particular purposes and separating out of 
such impurities as are found associated with 
them. The third group from the stand- 
point of economic geography includes min- 
erals which occur in nature as compounds 
which must be broken up in order to ob- 
tain the particular element deemed to be of 
economic value. The metallic ores are the 
typical representatives of this group. With 
a few exceptions, such as gold, platinum, 
and, to a lesser degree, tin, the metals occur 
in nature as chemical compounds which 
must be reduced to the metallic state by 
smelting— a manufacturing process. While 
in popular speech we refer to iron or copper 
mines, in reality we mean mines of iron ore 
or of copper ore. 

In *the industrial world of today iron is 
generally hailed as king — ^not without com- 
petition, it is true, but nevertheless, the 
commonly used expression, “the Iron and 
Steel Age,” testifies to its wide acceptance. 
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In business circle's the fluctuation in de- 
mand and in prices for steel constitutes a 
baromet(T whereby economic trends are 
interpreted by a larger following than is 
generally true of any other metal. Other 
ores of major importance which likewise 
must be reduced to metals by smelting in- 
clude C'oppcr, lead, zinc, aluminum, and 
tin. Nations well supplied with mineral 
fuels and with the ores of j:he materials 
named have the major basic resources 
needed for industrial achievement. 

While the six metals named above are 
the most widely used in large quantities, 
others are almost equally essential to indus- 
try because of particular qualities they im- 
part when used as alloy materials with 
those of the major group. In this latter 
class those used for tempering and harden- 
ing steel are the best known, for example, 
manganese, nickel, cobalt, chromium, tung- 
sten, and vanadium. Without alloys, many 
of the metallic products now in common use 
would be of little value because desired 
qualities, such as cutting edge, elasticity, 
hardness, and resistance to rust, could not 
be attained. 

T6e iron ores. The term ore refers to 
a natural mineral compound, usual ly metal- 
lic, from which the metal majHbelextracted 
to economic advantage. The economic 
connotation applies to the foreseeable fu- 
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ture as well as to the present. Metallic 
compounds which are so widely dissemi- 
nated through the rocks that there is no 
hope of successful extraction, such as the 
iron rust which gives color to many soils 
and subsoils, are not classified as ores. 
Four principal groups of iron compounds 
occur in bodies large enough to be worked 
as ores: hematite, magnetite, limonite, and 
siderite. Although these compounds are 
of common occurrence in rocks and soils, 
only in scattered places do they occur in 
large masses with relatively small percent- 
ages of impurities. Most of the world’s 
supply of iron is obtained from such masses, 
known as ore bodies. 

Hematite is the most important indus- 
trial iron ore in the United States. When 
pure, it contains nearly 70 per cent metallic 
iron; but where mined it is always found 
mixed with some impurities, so that the 
actual percentage of available iron may be 
less by 20 per cent or more. For example, 
the hematite mined in Minnesota and 
Wyoming in recent years has averaged from 
51 to 52 per cent metallic iron. Hematite 
is mostly reddish or so-called ocher red, 
although some is almost black or even 
bluish. While not the most widespread of 
the iron oxides, in the United States hema- 
tite ranks first in industrial importance be- 
cause of its relatively high grade and the 
ease with whifih it can be mined and 
smelted. 

Magnetite is the richest of the common 
iron ores. Some varieties act as natural 
magnets and therefore are designated as 
lodestones. The color is darker than that 
of hematite or limonite, varying from deep 
dark brown to greenish black. When pure, 
magnetite contains 72.4 per cent metallic 
iron, but in actual mining operations the 
ore is considered to be high grade if it 
yields more than fiD_per cent metallic iron. 
Magnetite recently mined in Nevada is re- 
ported to have yielded 65 per cent metallic 
iron, while some semialtered magnetite 
from Utah yielded only about 54 per cent 
metallic iron. 

Limonite is the most common of the 
iron oxides. It is a chemical compound in 


which water is an essential constituent. It 
is widely distributed over the earth and 
occurs in varying degrees of hardness; its 
color ranges from yellow to dark brown. 
Limonite commonly gives a yellowish or 
brownish color to the subsoil, but it is called 
an ore only where it occurs in bodies large 
enough for successful mining operations. 
Its chemical composition has been found to 
be so varied that some metallurgists ques- 
tion the accuracy of its classification as a 
separate and distinct mineral. When pure 
it^may contain nearly 60 per cent metallic 
iron, but as mined it is usually found to be 
mixed with impurities which reduce the 
recoverable iron content to bclaw 50 per 
cent. The limonite mined in Alabama in 
1946 was reported to yield on the average 
44.6 per cent metallic iron. The same kind 
of ore mined in France and in England 
is deemed satisfactory if it yields above 35 
per cent metallic iron. 

The three ores thus briefly described con- 
stitute the principal sources of primary iron 
ill the world today. All three are essen- 
tially chemical compounds, in varying 
ratios, of the elements iron and oxygen. In 
the earlier period of development of the 
jrpn and steel industry, much dependence 
was placed upon a carbonate of iron known 
£is consisting chemically of iron, 

carKon, and oxygen (FeCOg). Pure sider- 
ite contains about 48 per cent metallic iron, 
but the ore actually mined is mixed with 
impurities which materially reduce its iron 
content, in some cases to less than 35 per 
c-ent. Although the percentage of metal is 
not so high as in the oxide ores, siderite is 
usually free of undesirable impurities and 
hence is easy to smelt. Siderite was in 
large measure responsible tor the quality 
of steel products which long ago gave 
Sweden and England their high reputations 
in the manufacture of slmrp-edg^ instru- 
ments. This reputation still endures and 
is a valuable business asset to the cutlery 
industries of those countries. 

Distribution of iron ores in the United 
States. The production of iron ore in the 
United States occurs in four main districts: 
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the Northeastern, the Southeastern, the 
Lake Superior, and the Western. 

The Northeastern District. The two 
principal areas of iron-ore production in the 
northeast arc the Adirondacks region of 
New York and the Cornwall area of Penn- 
sylvania. Hie latter extends across New 
Jersey into southeastern New York and is 
often referred to as the southeastern New 
York-New Jersey field. The total output 
of ore in the northeastern states has been 3 
to 4 million tons annually during recent 


to. 8 million gross tons. Hematite js the 
principal ore, but associated with it are con- 
siderable quantities of limonite. The 
southeastern district has the advantage of 
nearness to the coking coal found in the 
Appalachian Plateau immediately west- 
ward. The Birmingham and Chattanooga 
centers meet important demands for iron 
in southeastern United States. 

The Lake Superior District’. The pro- 
ducing area of the Lake Superior district 
is limited to the peninsula of upper Michi- 



Annucil production of iron ore in each of the four generally recognized districts of the United StaU*s 
since 1926. Note the consistently predominant position of the Lake Superior district and the marked 
rise in production shown for the westeni states since 1940. 


years. Magnetite, the principal ore, has 
a relatively high market value per ton be- 
cause of its (juality and accessibility to mar- 
kets. The ores of New York and eastern 
Pennsylvania are important local sources 
for the near-by smelting industries, al- 
though total production is relatively small 
compared with that of some of the other 
districts (see graph above). 

The Southeastern District. The only 
important mining areas in the southeast are 
near Binningham, Alabama, and Chatta- 
nooga, Tennessee. The average annual 
output of ore of these two areas is about 6 


gan, northern Wisconsin, and northeastern 
Minnesota. This area regularly furnishes 
80 to 85 per cent of the total iron-ore out- 
put of the United States. Hematite is the 
predominant ore occurring^ in large bodies 
and generally soft enough to be mined with 
little use of explosives. The greater part 
of the output comes from long, low ranges, 
the principal ones being the Mesabi, Ver- 
milion, and Cuyuna ranges of Minnesota 
and the Penokee-Gogebic, Marquette, and 
Menomonee ranges of Wisconsin and Mich- 
igan. The Mesabi is by far the most im- 
portant, in most years accounting for more 
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Map of the well-known iron ore ranges of the Superior district, the principal coal-producing areas of the Appalachian field, and the steel-producing dis- 
tricts, together with the flow’ of iron ore to the steel centers. Note the wide distribution of the Lake Superior ores. 
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than 65 per cent of the total oiitpul of,±h& 
United States. The average amount of ore 
mined annually in this district during the 
six-year period, 1923-1929, was 54,350,000 
long tons. In 1948 the production reached 
a total of 82,500,000 tons, or 82 per cent of 
the total national output for that year. The 
so-called Class I ores of the Lake Superior 
district are expected to last for not more 
than 20 to 25 years, but there are reser\^es 
of low-grade ore siilBcient to supply the 


needs of the nation for more than a centuiy 
to come (see Ulus. p. 423). 

The Westcrn Distoict. The western 
district includes all the states from the 
Rocky Mountains to the Pacific Coast. 
Within that vast area the principal iron- 
ore producing states are Utah, Wyoming, 
California, and Nevada, although stores of 
ore have been reported in varying amounts 
in other states and local production has 
been attained in some years. The four 
states named are important sources of ore 
to be smelted into pig iron for conversion 
into steel, while the smaller output of ore 
of the other states in the district is used 


principally as flux in smelting operations 
for chopper and the precious metals and has 
some importance in finishing raw material 
for foundries and other local industries. 

A recent development in the Western 
district that is indicative of the rapid in- 
dustrial growth in that section of the United 
States is the establishment of large inte- 
grated steel plants at Geneva, Utah, and at 
Fontana, California. The Geneva plant 
obtains its major supply of ore from Iron 


Mountain near Cedar City in southwestern 
Utah, a source used to some extent by the 
Fontana plant as well, despite the long rail 
haul involved. Recently the Fontana in- 
terests have acquired a large store of ore at 
Elk Mountain which, when fully developed, 
will* provide the ore needed for the smelters 
and steel mill at Fontana, which is stra- 
tegically situated to serve the large and 
growing industrial area of southern Cali- 
fornia. 

The Western district, with but three 
complete furnaces and steel plants, at 
Pueblo, Colorado, Geneva, Utah, and Fon- 
tana, California, nevertheless has more than 
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200 plants using pig iron and scrap metal 
for manufacture into structural iron and 
other local uses. These plants produce 

1,300,000 to 1,600,000 short tons yearly, 
with markets still expanding. 

A summary of production of iron ore 
in the United States. The average annual 
output of iron ore in the United States 
dropped from about 60 million tons during 
th(’ 1920’s to less than 40 million tons dur- 
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The output of siderite is small, virtually 
none being produced in some years. 

The three states leading in production of 
iron ore are Minnesota, Michigan, and 
Alabama, the first-named regularly produc- 
ing more than one-half of the output of the 
entire country (see Ulus, below). Fourth 
and fifth places are ordinarily held by Penn- 
sylvania and Wisconsin, respectively, while 
a number of other states prodiicx? lesser 
quantities. 



Production of crude' iron ore in the principal producing state's of the United States by average annual 
output indicated for the three succt'ssive five-year periods. What must Iiave been true of the effect of 
World War IT upon the unniined iron ore* resources of the country? 


ing the following decade and then rose to 
an average annual output of 109 million 
tons during the 1940-1945 period. The 
yearly output has been subject to wide 
fluctuations; for example, in 1932 only 

9.847.000 tons were mined, whereas in 1939, 

51.732.000 tons were mined and in 1948, 

101.350.000 tons (see Ulus. p. 428). The 
average price of ore at the mine has risen 
gradually from a low of about $2.40 per ton 
in 1941 to $3.53 in 1947. On the average, 
more than 92 per cent of the ore mined is 
hematite. Magnetite usually constitutes 
about 5 to 6 per cent of the total, while 
limoiiite is third with about 1.5 per cent. 


The steel industry of the United States. 
Iron ore has been mined within the present 
borders of the United States since the be- 
ginning of the c'olonial period. The earliest 
colonists felt keenly the need for local iron 
supplies. Transportation across the Atlan- 
tic was slow and long, and delays were an 
economic handicap because needs could not 
always be foretold long in advance. The 
New England ores were mostly bog-iron 
deposits (a form of limonite) of low grade, 
but they sufficed for the operation of nu- 
merous small smelters. As a result of this 
development, by the end of the seventeenth 
century New England boasted a sizable 
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iron industry. The output was used for 
the manufacture of iron fittings for ships, 
agricultural implements, builders’ hard- 
ware, and iron kettles. The last-named 
were indispensable to the colonial house- 
hold for cooking, rendering lard, and mak- 
ing soap. However, demands were not 
large because wood was then the material 
most used in the coiistniction of ships, im- 
plements, homes, and business structures. 

The period wherein wood was the pre- 
dominant material for buildings, carriages, 
mills, and fuel continued in the New World 
until about 1840, by which time timber 
cutting had reduced supplies available 
where needed, thus causing a demand for 
iron and for coal. The small deposits of 
low-grade iron ore soon proved inadequate 
to meet the rapidly expanding demands, 
and under the pressure of need the richer 
deposits of magnetite found in New York 
and Pennsylvania were exploited and nu- 
merous iron and steel plants developed 
there and in Maryland, thus making that 
section the chief center of the iron industry 
of the United States. During the early 
stages of this development charc'oal was 
the chief smelter fuel, but with diminishing 
supplies of wood for charcoal, it was found 
that anthracite could readily be used in- 
stead; thus anthracite contributed sub- 
stantially toward making eastern Pennsyl- 
vania the leading center of the iron industrj^ 
until after the Civil War. 

By 1860 American mills were turning out 
over 200,000 tons of iron rails per year. 
The development of the West created great 
markets for iron and steel products, and 
coke made from the bituminous coal of 
western Pennsylvania was found to be 
cheaper and better for iron- and steelmak- 
ing than anthracite. These factors caused 
the center of the iron industry to shift west- 
ward. The center of the steel industry 
from the small beginnings in the seven- 
teenth century had shifted from the Atlan- 
tic Coast to eastern Pennsylvania, and 
finally across the Alleghenies. Pittsburgh 
thus became the nation’s “iron and steel 
capital,” a position it still holds in the public 
mind. Measured by present standards. 


growth was slow until after 1880. In 1879 
the total amount of iron ore mined in the 
United States was but 6,308,000 tons. The 
sharp increase in annual production of iron 
and steel began with the shipments of ore 
from the head of Lake Superior about 1884, 
increasing slowly at first in total tonnage; 
but by 1890 the low-cost ores of the Su- 
perior region had attained dominance in 
the American iron and steel industry. 

Since 1890 we have quite literally en- 
tered upon a steel age. Wood has been 
almost entirely di.splaced by steel in the 
construction of ships, railway cars, motor 
\'ehicles, agricultural machinery, and fac- 
tory equipment. Skyscrapers an* gigantic 
steel stnictures wherein little wood is used. 
Even office equipment is made largely of 
ste(‘l. In e\’ery important productive in- 
dustry ste(‘l is an essential. So closely 
related is the iron and steel industry to all 
oth(T coinmtTcial enterprises that it is gen- 
erally regarded as the foremost business 
“thermometer’; the trend in the iron and 
steel trade is acwpted as a reliable index of 
business conditions. 

Iron and steel centers: ,The Unito) 
States. There are now a few centers of 
universally reeoguiz(*d leadership in the 
smelting of iron ore and the manufacture 
therefrom of iron and steel, the foremost 
ones being the Pittsburgh-Youngstown 
and the Gary-South Chicago districts. Tlie 
Lake Erie region from Buffalo to Detroit 
may be considered as being an extension of 
the Pittsburgh district, since the two have 
many factors in common. Takem together, 
the output of iron and steel from the plants 
near or on Lake Erie and from those at the 
head of Lake Michigan constitutes by far 
the major part of the production of the 
United States. (See Ulus. p. 423.) 

Iron-ore transportation in this country is 
dominated by the Great Lakes water route, 
supplemented by short rail haulage from 
the lake shores to the smelters. Lake trans- 
portation is cheap, and therefore, although 
distances are relatively great, the ore is 
available at low cost for the coal of the 
Pittsburgh-Youngstown district and of Illi- 
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iiois. The importance of the Great Lakes 
can hardly be overemphasized in account- 
ing for the prominence of the great iron- 
manufacturing cities from Pittsburgh and 
Buffalo in the East to Chicago in the West 
(see Ulus. p. 423 and below). 

The Pittsburgii-Youngstown District. 
The leadership of the Pittsburgh- Youngs- 
town area must be attributed, however, to 
several factors in addition to lake transpor- 


These advantages enabled Pittsburgh to 
wrest supremacy in the iron and steel in- 
dustry away from eastern Pennsylvania and, 
with a group of adjacent cities, to hold su- 
premacy west of the Alleghenies. Com- 
pared with the newer centers farther west, 
such as Toledo, Gary, and South Chicago, 
Pittsburgh has some advantage in her near- 
ness to the great eastern markets. This, 
combined with her earlv start, has retained 



Map oi the principal steel finishing mills of the United States Note that many steel finishing mills 
arc located al points distant Ironi ore-producing centers. What is evidently the raw material for inanii- 
lacture used by the steel finishing mills':* 


tation. The early start of the area gave an 
initial competitive advantage, which is a 
tx)ntinuing important factor in its present 
industrial importance. Prior to the great 
exploitation of Lake Superior ore, Pitts- 
burgh had achieved prominence in the iron 
industry through utilizing ores near by. 
The bituminous coal in adjacent mines was 
found to make coke of excellent grade, and 
the abundance of natural gas near at hand 
furnished the cheapest, most eflficient fuel 
for steam purposes. 


for her the position of .supremacy in the 
face of keen competition. The Pittsburgh- 
Youngstown district ranks as one of the 
greatest iron-smelter and steel-mill centers 
in the world, and it is axiomatic that busi- 
nessmen of Europe as well as those of the 
United States view the activities of the iron 
and steel plants there as being among the 
most important business indexes of the na- 
tion. 

The Lake Erie District. The cities on 
Lake Erie have the great advantage of easy 
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A rriodern ore boat in the iron ore canying trade ii 
as to facilitate rapid loading and unloading of ore < 
for actual movement of ore. A quick “turn around’' 

tant competitor of the Pittsburgh-Youngs- 
town district. Economically, its geograph- 
ical location is favorable, and continued 
growth of its iron and steel industry may be 
expected with the expansion of the steel- 
consuming industries on and near Lake 
Erie. 

The Chicago District. Ranking second 
to the Pittsburgh-Youngstown district is the 
area near Chicago at the head of Lake 
Michigan, which includes the cities of Gary, 


Cotutesif M A Uamui iJoijiomtion 

II the Great Lakes. These boats are constructed so 
L*arg(), and thus increase the hours and days available 
is a mark of efficiency and reduces the pei ton cost. 

steel. Seated in the heart of grain-farming 
America, Chicago is the natural source for 
the iron and steel needed in manufacturing 
agricultural implements. With all these 
advantages there are two serious disadvan- 
tages, compared with the Lake Erie and 
Pittsburgh areas, namely, smaller demand 
and lack of high-quality coking coal The 
coal used for heat and power comes mostly 
from Indiana and Illinois. This is a 
splendid low-cost steam coal but it is not 
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access to the northern Appalachian coal 
and coke, direct receipt without reloading 
of the iron ores from the Lake Superior 
area, and choice between water and rail 
shipment for the products. Furthermore, 
several of these cities, such as Detroit, Buf- 
falo, Cleveland, and Toledo, have impor- 
tant steel-consuming industries. In recent 
decades this region has become an impor- 


Indiana Harbor, and South Chicago (see 
Ulus. p. 427). The Chicago district is fa- 
vored by ore cheaply available, by low-cost 
coal for heating and steam, and by great in- 
terior markets. The railroad demands for 
rails and rolling stock have been heavy be- 
cause of the vastness of the territory served. 
The recent growth of cities in the interior 
has called for large quantities of structural 
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of good coking quality. It is necessary 
therefore to bring coke from the Appalach- 
ian bituminous fields of Pennsylvania and 
West Virginia (sec Ulus. p. 356). The 
markets for iron and steel from the Chicago 
area are not as great as those of the Lake 
Erie and Pittsburgh areas, which serve not 
only the most densely populated section of 


‘'Pittsburgh of the South.” While this title 
is somewhat misleading because Pittsburgh 
is primarily a steel city and Birmingham 
produces mostly pig iron and various kinds 
of malleable and cast-iron products, the 
Alabama city far outranks all others in the 
South in such products. Chattanooga, 
Tennessee, is an important second center in 



Cmirtvstj Amertcan Iron and Steel Institute 

General view of a blast furnace, Bethlehem Steel Company, Bethlehem, Pennsylvania. Note the 
loading skip at tlic left of the* building, the charging platform at the top, and, at tlie right, the stoves 
used for heating air to be injected into the blast furnace. Iron ore, limestone for flux, and coke are 
brought to the top of the furnace by means of the loading skip and there dumped as a charge. 


the United States but also most of the na- 
tion's shipbuilding yards located near the 
eastern seaboard. Although the Chicago 
district may not attain supremacy in the 
iron and steel industry of the United States, 
its natural advantages are so great and its 
trade area so large that it seems certain to 
retain its present high rank. 

The Birmingham District. Birming- 
ham, Alabama, has often been called the 


the same general area (see Ulus. p. 427). 
Both centers have iron ore, coking coal, and 
limestone near at hand. The availability 
of these fundamental raw materials has led 
to the development of a great iron-manu- 
facturing district to serve the needs of 
southeastern United States more efficiently 
than could be done by the northern plants. 

Steel development has lagged in the 
Birmingham district because in the main 
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the same capital interests that operate the 
blast furnaces of the southern centers also 
own the steel plants of the north. Since 
steel is much more valuable per unit of 
weight than is pig iron, and inasmuch as the 
mills of the north have the capacity to turn 
out more steel than the whole country de- 
mands in normal times, capital has not 
deemed it eeonomic*ally wise to attempt 
large-scale steel production in the sou them 
centers. The outlook justifies the belief 
that, with the developmetit of the South, 
Birmingham and Chattanooga will continue 
to expand as iron-producing cities and that 
much of the steel will he supplied from the 
old, established northern centers. 

The Eastern Pennsylvania Districi’. 
Although the major centers of the industry 
have long been west of the Alleghenies, 
some of the older eastern districts have 
maintained important positions. When an- 
thracite was the chief smelting fuel, eastern 
Pennsylvania became the foremost iron and 
steel center in the country. When coke 
from bituminous coal displaced anthracite 
and the Pittsburgh district forged to the 
front, the established iron and steel plants 
near Harrisburg, Allentown, and Bethlehem 
found it necessary to turn to high-quality 
speciality manufactures, a field of business 
that proved to be highly profitable. High- 
grade ores are furnished by the mining area 
of the Adirondacks and northest Pennsyl- 
vania. Only a comparatively short haul is 
necessary to bring coke and coking coal 
from the producing areas in western Penn- 
sylvania and West Virginia. The densely 
populated territory from Boston to Rich- 
mond serv^es as a front-door market of first 
magnitude for quality steels ranging from 
steel rails and armor plate to the finest cut- 
lery steel for razor blades. This combina- 
tion of favorable factors— ore resources, 
low-cost fuel, and great adjacent markets — 
gives assurance of continued prominence 
of the Allentown-Bethlehem district in the 
iron and steel industry. 

Other districts. The Atlantic sea- 
board, scene of the earliest iron industry in 
the colonial period, is apparently under- 
going a renaissance that may again give it 


high rank. Foreign ores from Sweden, 
Newfoundland, Cuba, or South America 
can be shipped there by all-water routes, 
and much scrap iron is obtainable from the 
near-by manufacturing and transportation 
industries. These conditions, together 
with great markets, have led to the develop- 
ment of specialized iron and steel manu- 
facturing in the coastal cities from New 
York to Boston. One of the largest plants 
in the country is located at Sparrows Point, 
Maryland, on Chesapeake Bay. The At- 
lantic Coast cities, particularly in the Balti- 
more district, are likely to become increas- 
ingly important in the American iron and 
steel industry during the next quarter of a 
century. 

The city of Pueblo, Colorado, has the dis- 
tinction of b(‘ing the oldest iron-ore smelt- 
ing center and steel plant west of the Mis- 
sissippi River. Most of the ore used in the 
industry at Pueblo is mined in southwestern 
Wyoming, where a high-grade hematite 
occurs in fairly large quantities. Good- 
sized quantities of ore have in recent years 
been shipped from southern ^ Utah to 
Pueblo. Coking coal is obtained from the 
Trinidad field of southern Colorado, not 
far from Pueblo (see Ulus. p. 356). It has 
been found cheaper to bring the ore from 
Wyoming to Pueblo, and even from south- 
ern Utah, than to haul the coal and coke 
to the ore. Because of the available re- 
.serves of coking coal and the accessible 
iron ore, coupled with the growing mar- 
kets of the Rocky Mountain area, the 
Pueblo region can be expected to maintain 
its place as an important producer of iron 
and steel. 

West of the Rocky Mountains are the two 
great centers already mentioned (page 
427), Geneva, Utah, and Fontana, Cali- 
fornia. While there are numerous small 
plants for the conversion of pig iron and 
scrap into structural forms needed in indus- 
try and for construction, until very recently 
no complete iron and steel plants have 
existed west of the Rockies. Inasmuch as 
coking coal can be mined and large stores 
of high-grade iron ore have been discovered 
and are now being exploited, it seems that 



431 


FUNDAMENTALS OF THE INDUSTRIAL WORLD 


these plants will serve a vast area to eco- 
nomic advantage. With thv expanding 
industrialism characteristic of the Pacific 
Coast states, it seems quite probable that 
additional C'omplete plants may be estab- 
lished in the not too distant future. 

Iron-ore resources of the world. Iron 
is one of the most common elements of the 
earth*s crust and ore bodies of the metal are 
widely scattered. Although large reserves 


exceeded 200 million metric tons per year, 
has been credited to over fifty countries, 
with nearly half of them producing more 
than one million tons yearly. During the 
decade, 1936-1946, the total output of 
the six leading ore-producing nations — ^the 
United States, the Soviet Union, France, the 
United Kingdom, Germany, and Sweden — 
provided 82 per cent of the world's iron-ore 
production. In this presentation we must 
c'onfine ourselves to the relatively few im- 



( sif Ainrruan lum ami Stfcl JnstiMr 

(ieiicTiil \icw oi the sU*el plant at (.cneva, lUah, a tew miles south ol Salt L.ike City* Note 
stoves and blast furnaces at left, mam steel plant prommciit in center foreground. The ore is shipped 
there from Cedar City, Iron County, in southwest Utah Nine open-heartii furnaces operate with rated 
capacity ol 1,284,000 tons of stc<*l per year 


of iron ore have been found on every conti- portant centers of output in each continent, 
nent, exploitation has been confined loH^ North America, excluding the United 
those of relatively high quality and tjigse ^ States. Commercial production of iron 
most favorably located with respect to. ore has been characteristic of Cuba, Mexico, 
power resources, transportation facilities, Newfoundland, and Canada for a number 
and market demands. Large stores of un- of years, but output has been relatively 
mined ore are known to be present in South small until recently. Newfoundland has 
America, Africa, Australia, and Asia, but ex- consistently produced close to the million- 
ploitation has thus far been on a small scale ton mark without any definite change in 
compred with the heavy output of the ma- trend being apparent. Cuba’s output has 
jor centers of Europe and North America, remained quite steady at from 160,000 
Even so, the world output of iron ore, which metric tons in 1940 to 159,000 in 1946; flu(> 
during years of high industrial activity has tuations occur, but no definite trend is 
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shown. The output in Mexico increased quimbo. The reserves are large, the ore 
from 111,000 tons in 1940 to 275,000 tons is of high quality^ averaging about 60 to .63 
in 1946; since reserves of ore have recently per cent iron, and loading costs are low be- 
been estimated as 212,550,000 metric tons, cause of downhill haul to the seaport, Cruz 
there seems to be strong likelihood of a con- Grande. At this seaport, one of the largest 
tinued upward trend. Recent develop- and most modern sealoading ore docks, a 
ments in Canada appear to assure a strong development owned and operated by one 
upward trend during the years ahead, a of the great American steel companies, is 
trend manifest in the rise in output from used to load vessels for direct shipment to 
376,000 metric tons in 1940 to 1,434,000 the iron and steel plants at Sparrows Point, 
metric tons in 1946. The greater part of Marylaiid. Chile is making a beginning in 



Map sliowinj; tlie principal iron orc-prcxlncing areas of the world. Note particularly the number of 
production centers shown for Europe and the recently developed centers indicated cast of the Urals. 
Southern Utah and California have active exploitation of iron ore but areas and quantities are as yet not 
large enough to illustrate on this map. 

this steady development has occurred in the reduction of ore and manufacture of iron 
the Lake Superior region, but recent dis- and steel but is handicapped by a lack of. 
coveries in the northeastern Quebec prov- coking c*oal of high quality. The iron ore 
ince appear to have located huge stores of mined, nearly all of which is exported to the 
high-grade ore for which plans for exploita- United States, averaged 1,383,000 metric 
tion are already well advanced. tons during the 1935-1939 period but 

I South America. Stores of iron ore hav§ dropped about 40 per cent below that fig- 
been reported at various times from every ure during World War II because of short- 
country in South America, but the only two age of shipping facilities. Since 1946 the 
centers of active exploitation are in Chile prewar output has been exceeded, 
and Brazil (see map above). Chile’s .gfin- . Bjazil is credited with the largest reserve 
cipal mining center is not far from the coast of high-grade ore in South America and one 
at the El Tofo mines northeast of Co- of the largest in the world. As high as 
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three billion tons of ore ranging from 63 to 
68 per cent metallic iron have been esti- 
mated to be located at Itabira in the state 
of Minas Geraes, about two hundred miles 
west of Vitoria. The_c 9 al needed for the 
smelting operations is found in southern 
Brazil, and therefore it is plannecTto ship 
the ore southward by water route to meet 
the coal at Volta Redonda, betwi‘en Rio de 
Janeiro and Sao Paulo, where a large iron 
and steel plant is designed to meet a part of 
Brazil’s needs.^ Because of the transporta- 
tion costs of bringing the ore and the coal 
by land and sea to Volta Redonda, and then 
the metal as iron and steel to the factory 
centers, it seems improbable that the young 
iron and steel industry can compete suc- 
cessfully with the finished products obtain- 
able from the efficient and established 
source's in Europe and North America. The 
probabilities therefore point to increasing 
exports of Brazilian iron ore to the markets 
in Europe and the United States. There is 
propaganda afoot in Brazil to attempt to 
develop a large iron and steel industry un- 
der the protective wing of a duty on im- 
ports, which of course means support of 
the industry at public expense, disguised as 
a tariff. The degree of success this move- 
ment may have in winning support is an 
open question. 

Discoveries of huge deposits of high- I 
grade iron ore have been reported recently ' 
from Venezuela, and it is said that negotia- 
tions for exploitation are in progress. In 
Venezuela as in Brazil the difficulty to be 
faced in establishing a succ'essful steel in- 
dustry is that of lack of coking coal. If 
coking coal is not found within economic 
reach locally, most of the iron ore will find 
its markets abroad, perhaps chiefly in east- 
ern United States. 

Africa. Thre e areas in Africa are gain- 
ing prominence for their potentialities for 
large-scale ore production in the future: 
North Afric^ Rhodesia, and South Africa 
(seeTllus. p. 432 ) . In northern Afric'a, Tyb 

*The rolling mill at Volta Redonda began op- 
erations Oct. 12, 1946. In the first year of full 
operation, 1947, the output was 68,631 tons of pic 
iron, 22,243 tons of heavy melting scrap, and 
85,451 tons of iron and steel products. 


nisia , Algeria, and Spanish and French 
KTorocco reported a total output of more 
than 2,750,000 metric tons of ore in 1946. 
This area is in position to furnish large 
amounts of ore for reduction to iron in the 
expanding industrial centers of western 
Europe, and therefore a continuing upward 
trend in production may be anticipated. 

In c*entral Africa, extensive bodies of low- 
jgrade' ore with a metallic content of 25 to 
30 per cent have been reported. The com- 
paratively low metallic content and the rail- 
way haulage involved in marketing appear 
to be deterrent factors against early de- 
velopment to any large extent. I n Sou th 
Africa, on the other hand, the Transvaal 
ores are high grade, 50 to 60 per cent metal- 
lic content, and the growing markets are 
near at hand (see Ulus. p. 432). The total 
reserves in the Union of South Africa have 
been estimated to exceed 10 billion tons, 
but the high-grade ores constitute but a 
minor fraction of the total, perhaps about 
122 million tons. The average annual out- 
put during the war period (1941-1945) 
reached 781,000 metric tons, and later re- 
ports indicate larger annual production 
since 1945. A moderately rising trend ma) 
be expected to continue during the foresee- 
able future. 

'^-^Asia. Asia’s ore resources arc widely 
scattered and of huge magnitude but, on 
the basis of quantities produced, must be 
ranked as of secondary rather than primary 
industrial importance. India, Japan, and 
North China (including Manchuria) all 
have long had recognition as important pro- 
ducers of ore and of j)ig^Jron, but only 
Japan made important progress in steel 
manufactures. Since 1930, however, the 
Soviet Union in Asia has made great ad- 
vances in all phases of the iron and steel 
industries. 

(^Japan is weak in iron ore and in coking 
coal. Under the necessity of war she ex- 
panded her ore output to more than four 
times the normal production of peat'etime, 
and furthermore, she drew upon the ore 
resources of North China, the MalayiStates, 
and the Philippines, and thus was able for 
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a time to meet the excessive demands of the centage of the world total. Ores have been 
military program. When she lost control mined commercially on a limited scale in 
of the overseas sources her doom was five of the major provinces. The principal 
sealed; the final result was hastened but not production has come froni South Australigi 
created by the atomic bomb. In peace- (sec page 432), with New South Wales a 
time, Japan can, and undoubtedly willj poor second. During the war period, 1941- 
maintain a strong industrial position pro- 1945, South Australia alone averaged 2,051,- 
vided she can have available the iron ore 000 metric tons annually, which was 93.8 
and the coking coal from the continent, per cent of the total output of the Do- 
C.’osts of water transport are low, and the minion. The iron and steel industry of 
Japanese can provide the skill and the labor Australia is designed chiefly to serve local 
essential tor success. needs. The output of pig iron during the 

Large iron-ore deposits have been re- war period averaged 1,365,000 metric tons, 
port(*d from Mindanao in the Philippine but peacetime production will probably fall 
Islands, and in 1940 output rc*ached the siz- below 1,000,000 tons per year. While both 
able figure of 1,248,()(X) metric tons. The coal and iron ore are available and of high 
ore is reported to be of high quality, and cjiialitv, industrial development will be slow 
annual output can undoubtedly be in- beeause of lack of extensive niarkets. The 
creased greatly over the 1940 figure if mar- general cur\’e promises to continue gently 
ket outlets become available. upward as the general trade territory de- 

India has large bodies of high-grade, low- velops. 
phosphorous ore containing approximately New Zealand appears to have ample re- 
60 to 62 per cent metallic iron. The Bihar- serves of ore to meet her needs, and in 
Orissa mines are about a hundred miles recent years expansion of smelters and steel 
west of Calcutta where outcrops are at low plants has been rapid. The output of iron 
angles and are easily mined (see Ulus. p. ore increased from 1.4 million tons in 1940 

432). Kali Mati, 45 miles to the north, is to 7.5 million tons in 1946. 

the center of the iron industry of India,^ ^ ) Europe. During the years/ immediately 
where, because of adequate supplies of cok-^ preceding World War 11, five major iron- 
ing coal near by, the lowest-a)st pig iron in ore regions produa^d about three-fourths of 
the Orient can be produced, a factor largely the world total; ( 1 ) the Lake Superior re- 
responsible for the rapidly increasing in- gion, (2) the Lorraine region of France, (3) 
du.strialism of northern India. In the past, the Krivoi Kog deposits of the Soviet Union, 
much of the pig iron has been exported to (4) the Kiruna district of northern Sweden, 
Japan, Germany, the United Kingdom, and and (5) the Birmingham district of Ala- 

some even to the United States. bama, in the order named. It should be 

The iron ores of China appear to be noted that, of these five districts, two are 
rather small bodies widely scattered, mostly in the United States and three are in 
south of the Yangtze River near Hankow Europe (see Ulus. p. 432). It is worthy of 
and in northern China. Under the impact emphasis that output of iron ore, or of any 
of war, annual production exceeded 15 mil- other irreplaceable resource, is not in itself 
lion tons during the early war years, 1942 a measure of the quantity available for pro- 
and 1943, but it appears doubtful that this duction; it is, however, a good index of the 
quantity will be reached in the near future, industrial development of the states or dis- 
even if and when internal strife ends. The tricts indicated. 

deposits in Manchuria are reported to b^/]^ Great Britain. The four districts of 
extensive but of low grade. V- eastern England that still rate as highly 

Austraua and Oceania. Australia and important in output of iron ore are 
some of the islands of Oceania are reported the Narthanq)ton, Leicester,, Lincoln, and 
to have important reserves of iron ore, al- Cleveland Hilhi.districts. These, and some 
though they may not constitute a high per- of lesser importance, are within low-cost 
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reach of the excellent coal ot Yorkshire and 
southern Wales. In the central lowland of 
Scotland similar conditions prevail; and 
thus in the nineteenth century the indus- 
trial supremacy of the British Isles became 
a recognized fact. However, with con- 
tinued extraction it was found that the 
quality of the ore became lower and that 
mixing the domestic low-grade ores with 
richer imported ore became economically 
desirable. The first peak of England's out- 
put of domestic ore was reached in 1882, 
when 18,328,000 tons were produced. This 
peak was followed b) a slow but irregular 


lieved impossible — turned out iron ore from 
British mines in 1941 to 1943 that exceeded 
the former peak of 1882 by nearly two mil- 
lion tons per year (see graph below). 

The result of the war and the shift in 
policy necessitated thereby lessened Brit- 
ain s reserve of ore, a large reserve still, and 
it set up competition for Britain in the mar- 
kets of the world outside the Dominions. 
At the same time it induced the l^ominions 
to bet'ome more nearly self-sufficient and 
therefore less dependent than formerly 
upon imports of the many iron and steel 
products and the numerous indirect com- 



Annual production of iron ore for each of the principal producing countries of the world. Note the 
continuously predominant position of the United States. No recent data available for the Soviet Union 
or Germany. How does one account for the sharp upturn of American increase ouput following 1946? 


decline during the following decades, a 
low point being reached in 1932 with a total 
Qutput of only 7,445,000 metric tons. Some 
recovery followed, but it was generally be- 
lieved that never again would Britain equal 
the peak of 1882. Then came World War 
II with its threat of total destruction of the 
home plants so necessary for the war effort, 
and Britain feverishly reversed a policy of 
long standing and gave all possible aid and 
encouragement to the establishment of fur- 
naces, steel plants, and factories in Canada, 
Australia, New Zealand, South Africa, and 
even India, while at the same time labor 
in the home island did what had been be- 


modities associated with iron and steel 
machinery. The net effect is, of course, a 
serious loss in foreign markets so needed to 
maintain Britain s economy. It will de- 
mand huge efforts and self-sacrifice on the 
part of the British to re-establish their 
prominence in the industrial world. The 
downward trend in the output of ore y^ill 
undoubtedly be resumed, and the job of 
manufacturing and marketing the machin- 
ery and other durable steel goods in the 
highly competitive world ahead presents to 
labor and management alike a problem of 
the first magnitude. 

^t^FRANCE. During the decade preceding 
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World War II, the Lorrame district of 
France ranked second toTKe Lake Superior 
region of the United States in yearly output 
of iron ore. During the prewar period, 
1935-1938, the yearly average output of ore 
in France was slightly above 34 million 
metric tons (see Ulus. pp. 432 and 435), 
about 95 per c(3nt C'oming from the Lorraine 
deposits. The Lorraine ores are not rich in 
metallic content, averaging only about 33 
per cent iron, but their occurrence with 
limestone renders them readily smelted at 
relatively low cost. As a whole, the Lor- 
raine Basin is credited with being the larg- 
est single ore body reserve in Europe. 

The proximity of the Lorraine ores to the 
coking coal resources of northeast France 
and the Ruhr, and the coal of the Saar 
Basin, tends naturally to favor development 
of iron and steel works both in F ranee and 
in Germany. The seizure of Lorrame by 
the Germans at the close of the Franco- 
Prussian War of 1870 enabled Germany to 
industrialize at a highly accelerated rate, as 
the rapid rise of the Rhineland-Westphalian 
so eloquently testified. In 1913 that area, 
including the Ruhr, was the greatest steel- 
making district in continental Europe. Re- 
gaining the Lorraine Basin in 1918 enabled 
France to become the greatest ore-exporting 
country in the world, and it also served to 
aid France in building an iron and steel in- 
dustry of large capacity within her own 
country. The cargo-carrying trains and 
vessels taking ore to the Saar and to the 
Ruhr could readily bring the needed coking 
coal from the Ruhr and the Saar to serve 
the needs of the furnaces and steel plants 
of the Lorraine district of France. In the 
absence of economic restrictions, such as 
tariffs and quotas, political boundaries need 
not be, in fact they should not be, barriers 
to normal exchange of commodities and the 
establishment of industry. 

What of the present and the near future 
trend of the iron and steel industries of 
France? No definite answer can yet be 
given. The trend will depend largely on 
the manner in which the social and political 
questions will be handled. France has the 
reserves of ore, and ready markets will be 


available in Britain and Belgium, and also 
in Germany, provided that country will be 
encouraged to develop industries on a basis 
of enduring peace. Since supplies of coal 
are near at hand within her own borders and 
in Belgium and Germany, France can buy 
coal in the kind and quantity needed, pro- 
vided the natural markets for French ore 
and other products are restored to normal 
activity. The greatest of such markets are 
in England and Germany. 

^^The German shtjaiion. Based on the 
'^boundaries that were recognized prior to the 
outbreak of World War II, Germany was 
rich in steam and coking a)al in the north- 
west, the well-known Ruhr district, and 
also in the southeast in Upper Silesia. The 
most important iron-ore resources were in 
the west within about 150 miles of the Ruhr 
coal (see Ulus. pp. 366 and 432). The ores 
are low grade, with average metallic content 
of less than 30 per cent, and they are diffi- 
cult to rc'ducc to pig iron. With her abun- 
dant stores of coking coal and readily avail- 
able ocean shipping facilities, Gennany 
could easily obtain ,bigh-grade ore from 
Sweden to supplement her own Iqw-grade 
supply. Furthermore, she was in position 
to import iron ore from France and to pro- 
vide coal as return cargo, thus, through ex- 
change, reducing shipping expenses to a 
minimum. As a result of this situation 
Gennany became a heavy importer of ore 
and exporter of coal during the decade of 
the 1930's, at the same time building up her 
steelmaking capacity to distinct leadership 
among European countries. During the 
years immediately preceding World War II, 
Germany produced about 8 million tons of 
ore yearly, about 16 million tons of pig 
iron, and more than 20 million tons of steel. 
The large output of pig iron and steel was 
made possible by imports of iron ore largely 
from France and Sweden and by the scrap 
iron available within Germany, supple- 
mented by imports from other European 
countries. 

The indu^rial progress made by Germany 
was made possi^ by her fuel and power 
resources. Full employment resulted, and 
a wave of prosperity became realized which 
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unfortunately was but temporary because 
the goods made under those conditions 
were too largely designed and used for 
purposes of destruction; had they been de- 
signed for production rather than destruc- 
tion, the results would have been enrich- 
ment for Germany and the whole world. 

What of the future? The steam and cok- 
ing coals are still present in Silesia and the 
Ruhr in large, easily mined quantities. 
Silesia has passed out of German control, 
but the Ruhr remains. Huge stores of 
high-grade ores can still be obtained by 
water routes from Sweden, and the French 
ores are no farther removed from the Ruhr 
than was the case before the war. The 
physical conditions remain unchanged, but 
not so the political conditions. If the re- 
sources are used constructively, the results 
will be beneficial to all, fonner allies and 
enemies alike; if they are not so used, the 
results will likewise be negative. Lack of 
use will mean lack of production, and lack 
of production leads to poverty and misery. 

Belgium and Luxembourg. Lying be- 
tween the great ore deposits of th(* Lorraine 
Basin and the coal beds of the Ruhr are the 
two small but industrially important coun- 
tries of Belgium and Luxembourg. The 
former has coal but little iron ore, whereas 
the latter has much ore but little coal. 
Both are within easy reach of additional 
stores of both coal and ore as well as of trans- 
portation facilities to foreign markets. 
During the prewar period, 1935-1938, 
Luxembourg’s average annual output of 
iron ore was 5,484,000 metric tons, which 
gave to that country high rank in proportion 
to size and area. The war and postwar 
periods have been characterized by reduced 
output of both ore and pig iron, but the 
trend may be expected to be upward until 
the prewar output has been reached or 
exceeded. 

Belgium’s ore output is small but her im- 
ports are Targe and' serve as a basis for a 
very active iron and steel industry. The 
stores of coking coal, ore supplies readily 
obtainable, well-developed seaports, and an 
industrious population have enabled Bel- 
gium to become one of the foremost iron 
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and steel manufac^ring countries in the 
world in proportion to size. The extent to 
which the Belgian iron and steel industries 
are dependent upon foreign ores may be 
inferred by the fact that from 1934 to 1938 
an average of only 183,000 metric tons of 
iron ore was mined per year while the 
annual production of pig iron was 3 million 
tons per year. Since the domestic market 
is small, the iron and steel industries have 
been developed largely on the basis of ex- 
port trade. The iron and steel exports ordi- 
narily have amounted to 60 or 70 per cent 
of the total output, and foreign sales at 
about this ratio are necessary if the Belgian 
mills and men are to be gainfully employed. 

Sweden. Sweden has long been famous 
for the quality of her steel manufactures, a 
fame achieved long before she bec*ame 
known for her large ore reserves. The 
early industries were small-scale affairs, 
using the easily smelted carbonate ores of 
central Sweden with charc*oal for smelting 
the ore to metal. The carbon steel result- 
ing from these resources and the skillful 
processes developed by the early Swedish 
workers, produced high-grade cutlery, par- 
ticularly swords, which gave rise to a reputa- 
tion for quality which endures even to this 
day. 

Sweden now is internationally known for 
the great reserves of inagnetic iron ore in 
the far north of the country in the Kinina- 
vaara and Luos.sovaara districts beyond the 
Arctic Circle (see Ulus. p. 432). This ore 
averages above ^60 per cent iron. During 
the prewar period, 1935-1939, the total 
annual production of Swedish ore, mostly 
from the Kiruna district, averaged 12,370,- 
000 metric tons. During the war years the 
average output dropped to 8,452,000 metric 
tions (see Ulus. p. 4^). Under peacetime 
conditions, the annual production of the 
Swedish mines may be expected to range 
between 10 and 14 million tons, of whidi 
about 80 per cent will be exported, Ger- 
many and England being the principal cus- 
tomers and lesser amounts being shipped to 
Poland and Belgium and some to the United 
States. 

The Swedish iron and steel industry is 
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handicapped by the lack of coking coal. 
This lack is overcome partially by the avail- 
ability of coal by water transportation from 
Germany and England, supplemented by 
charcoal from the extensive forests which is 
still being used to some extent in the manu- 
facture of Swedish steel. On the whole, 
marked success has been achieved through 
emphasis upon skill of workmanship. The 
industries are expanding and prosperous be- 
cause oi specialized production wherein 


control. The resources within Poland's pre- 
war borders include some low-grade iron 
ores in the western part of the country, as 
well as in the Silesian area of the southwest. 
They also include steam coal, but there is a 
lack of high-quality coking coal. In order 
to develop a strong iron and steel industry 
it seems, therefore, that Poland will find it 
necessary to import high-grade ore to sup- 
plement her own low-grade ores (25 to 35 
per cent metal) as well as to import coke 



Photo hy N. A. B 

One of the large iron ore mines at Kirunavaara, Sweden. The ore mined is a high-grade 
magnetite and the open-cut method of mining is used. The ore body lies between the footwall 
at right and roofwall at left, at an angle dipping toward the left. 


skill in manufacture is the first essential, as 
in fine cutlery, ball and roller bearings, and 
high-grade tool steel. The future of the 
Swedish iron and steel industries seems 
therefore to be securely on the up-trend be- 
cause foreign rnarketslare expanmng for thq 
ore as well as for the finished products,, 
which are rated high upon the basis of 
quality rather than merely upon quantity. 

Poland and Czechoslovakia. Poland 
and Czechoslovakia both participate, pres- 
ently at least, in the coal and ore resources 
of Silesia, formerly chiefly under German 


or coking coal essential in reducing ore to 
pig iron and in converting pig iron into 
steel. 

Czechoslovakia is more fortunate because 
she has within her own borders in Bohemia 
the necessary natural resources — ore, t'ok- 
ing coal, and limestone — ^for the establish- 
ment of a successful iron and steel industry. 
Furthermore, she has already established 
high reputation for the quality of her steel 
goods, precision instruments, and arma- 
ments. During the pre-invasion period, 
1935-1937, Czechoslovakia produced an 
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average yearly output of 1,219,000 metric 
tons of ore and 1,172,000 metric tons of pig 
iron. If the political uncertainties can be 
peaceably and satisfactorily resolved, the 
trend of the iron and steel industries may be 
expected to continue upward. It is to be 
hoped that the success of the Czechoslova- 
kian nation may be symbolized by construc- 
tive progress in rebuilding the losses caused 
by war, rather than by creating instniments 
and armaments whereby further destruc- 
tion might become the result. 

The Soviet Union — European and Asi- 
atic. In this discussion we prefer to use 
the expression Soviet Union to designate the 
vast area officially termed the Union of 
Socialist Soviet Republics and to limit the 
term Russia to the portion of the Soviet 
Union which is ordinarily accepted as part 
of Europe. 

Russia has long been recognized as one 
of the leading European countries in the 
output of iron ore. In 191S Russia mined 

9.210.000 tons of ore and smelted more than 
four million tons of pig iron. Then, be- 
cause of the disruptive conditions of World 
War I, the iron and steel industries were 
depressed almost to extinction and postwar 
recovery was exceedingly slow for the en- 
suing decade. More recently, however, 
progress has been exceptionally rapid. 
During 1935-1938 the average annual out- 
put of ore in the Soviet Union was reported 
as 26,941,000 metric tons, and during the 
same years an average smelter output of 

14.410.000 metric tons of pig iron was re- 
ported ( see Ulus, p. 435 ) . No official statis- 
tics have been released since 1942, but it is 
common knowledge that at the height of the , 
German invasion the output of ore and of 
iron and steel products was seriously re- 
duced. The rate of recovery since 1945 
continues to be a carefully guarded secret 
for reasons diflBcult to understand, but esti- 
mates made by those who have had some 
glimpses behind the closely drawn iron 
curtain indicate substantial progress. It is 
possible that the Soviet Union has attained 
and may have exceeded the position 
reached prior to World War II. It seems 
certain that the Soviet Union now ranks 


second only to the United States in the 
several phases of the iron and steel indus- 
tries. 

That the iron ore resources of the Soviet 
Union are large and scattered is well known 
(see Ulus. p. 432). High-grade ores, aver- 
aging 45 to 55 per cent iron, are plentiful. 
One of the best iron districts of Europe is in 
south Ukraine and is known as the Krivoi 
Rog deposit. This region during the pre- 
war years produced about 60 per cent of 
Russia’s total ore output. The Kri\'oi Rog 
ore and the Donetz Basin coal are within 
easy reach of each other, and thus two-way 
cargo transportation has led to iron and steel 
plants in both areas. The extent of the 
Krivoi Rog reserves is not definitely known, 
but estimates plac*e them at not less than 2 
billion tons of high-grade ore. 

The southern Urals (see Ulus. p. 432) is 
the setoncTln rank among the Russian areas 
of exploitation, an area that has been pro- 
ducing about 25 per c^ent of the ore output 
of the nation. One of the foremost sources 
is Mount Magnitnaya, which provides much 
of the ore for the steel center at near-by 
Magnitogorsk. Since suitable coal must be 
hauled long distances, first impressions 
tend to question the eamomic soundness of 
establishing blast furnaces, steel mills, and 
by-products coke plants in connection with 
the ore mines. On the other hand, it is re- 
ported that steel plants have also been 
established far to the east in the Kuznetsk 
Basin and in other areas near-by where 
high-grade coking coal is available. Al- 
though coking coal and iron ore are sepa- 
rated by distances exceeding a thousand 
miles by rail, two-way haulage of coal and 
ore, with little if any empty haulage, will re- 
duce materially the costs ordinarily as- 
sumed to be incidental to carrying coal to 
iron ore. 

Other ore centers are scattered over much 
of the Soviet Union. The total reserves 
indicated are huge; estimates can only be 
guesses, but it seenris safe to assert that no 
country is better supplied with potential 
reserves for long-time development. The 
distances separating coal and ore and the 
remoteness from the great industrial centers 
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of the present constitute barriers to be over- 
come in a competitive world. 

The Mediterranean countries. North- 
ern Africa has long been known for its 
alnindance of iron ores, and mining for ex- 
port has been accepted as common practice 
for several decades (see Ulus. p. 432). On 
the European side, Spain has likewise pro- 
vided ore for the markets of Britain and 
Germany but has not developed a great 
domestic iron and steel industry, this in the 
face of a reputation attained long ago for 
high-quality cutlery steel. Spanish steel 
production, ordinarily less than a million 
tons a year, uses imported scrap and do- 
mestic pig iron in nearly equal amounts. 

The uninined iron ore reserves of Italy 
are (*stimated at about 33 million tons, 
which by bencficiation can be raised to 50 
per cent metallic content; however, costs 
are high. The output during 1935-1939 
averaged 845,000 tons yearly, but it seems 
improbable that this figure can be equaled 
under competitive peacetime conditions. 
Coal resources, particularly those of coking 
quality, are so limited as to be insuflScient 
to sustain a steel industry commensurate 
with the needs of the country. The hydro- 
electric power available can be used in the 
manufacture of high-quality and high- 
priced alloy steels but is too expensive for 
the making of ordinary structural steels. 

Summary of the world situation. From 
a material point of view, the present has 
frequently been called by some the Power 
Age and by others the Age of Steel. Both 
appear to be right, because both the prepa- 
ration of steel and the use of steel involve 
power. Each demands the other, for steel 
is truly the heart of the modem industrial 
system. Low-cost steel is essential to com- 
mercial competition. For the foreseeable 
future the countries most favorably situated 


for production of cheap iron and steel will 
probably continue their industrial promi- 
nence and, through the success thus 
achieved, furnish the political leadership 
of the world. The principal centers for 
output of low-cost iron and steel are th(' 
United States, the Belgiiim-Ruhr-Lorraine 
Basin area supplemented by Scandinavia 
and Spain, the Ukraine and southern Ural 
area, and northern India. From these cen- 
ters we may expect industrial leadership to 
emanate with its attendant effects on em- 
ployment and general prosperity, and even 
on international politics. 
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Chapter Twenty-five 


INDUSTRIAL IMPORTANCE 
OF THE FERROALLOY METALS 


For centuries iron manufactures 
were based chiefly on carbon content and 
quick temperature changes for hardening 
and toughening into the product that early 
became known as steel. Charcoal was the 
sourc*e of carbon, and inasmuch as the char- 
coal contained no deleterious impurities, 
little difficulty was caused by introducing 
impurities not inherent in the ore itself. 
The quality of the output, whether it was 
known as iron or steel, depended largely 
upon the purity of the ore and the skill in 
managing the sme]ti«g processes so as to 
acquire as much hardness and toughness as 
was desired for particular uses, the most im- 
portant of which was a sharp cutting edge. 
Under these conditions, the carbonate ore 
being generally quite free of impurities, es- 
pecially sulphur, was readily made into 
high-grade qualities of iron and steel. In 
this regard England and Sweden were fa- 
vored with available siderite ores and, be- 
fore the forests were severely cut, also with 
an abundance of charcoal; to a lesser ex- 
tent Spain was favored by similar condi- 
tions. The steels from these countries ac- 
quired lasting reputation, particularly in 
the field of cutlery, a reputation that still 
endures and is even now a business 
asset. 

Evolution of modem steel manufacture. 
With an increasing demand for iron and 


steel and a decreasing supply of charcoal as 
a source of carbon, it was natural that Eng- 
land should take the lead in changing from 
charcoal to coal. The change began there 
in the eighteenth century with the use of 
the hardest coals obtainable, those contain- 
ing a high percentage of fixed carbon and 
having the quality of fusing into coke when 
heated. For some time the change from 
charccal to coke was judged by many to 
result necessarily in a product inferior to 
the old-fashioned carbon steel made from 
charcoal. Gradually, however, difficulties 
were overcome, and steelmaking on a mod- 
ern basis entered its period of great de- 
velopment about the middle of the nine- 
teenth century. 

The essential processes involved in mak- 
ing steel, whether charcoal, coal, or coke is 
used as the reducing agent, are: (1) The 
ore must be smelted to metal by eliminating 
most of the impurities, a reduction process, 
the resulting metal being referred to as pig 
iron. Pig iron, however, ordinarily con- 
tains from 3 to 5 per cent carbon as well as 
varying amounts of other impurities. (2) 
The metal must be purified, a process that 
involves oxidation of the impurities, thus 
leaving nearly pure metallic iron. (3) The 
adjustment of the composition of metallic 
iron is made through introduction of fixed 
proportions of desirable hardening mate- 
rials; the resulting product is steel. 
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These three essential procedures may be 
accomplished in various ways. In 1856 
Sir Henry Bessemer devised a vessel with a 
sandstone lining in which the molten iron 
could have air blown through it from the 
bottom. The heat given oflE by the molten 
iron would raise the temperature of the 
air introduc'ed to the point where it would 
oxidize such impurities as carbon, manga- 
nese, or silicon. This operation, known as 
the Bessemer process, was improved in 1878 
by the use of a limestone lining which made 
its use practical for ores of higher phos- 
phorus content than was originally possi- 
ble with the Bessemer furnace. 

In 1857-1858, however, Sir William Sie- 
mens devised the open-hearth furnace 
wherein the processes of converting pig iron 
to steel could be carried on at a slower 
rate and could be more carefully watched 
for progress than was possible with the 
Bessemer fumac'e. At first the open-hearth 
furnace used pig iron only, but it was soon 
learned that scrap could be added. This 
constituted a great improvement because 
in the modern steel industry scrap metal 
accounts for 40 to 60 per cent of the charge 
placed into the iron and steel furnaces. 

Near the close of the nineteenth century 
an electric furnace was devised and was 
first used in Italy, Sweden, and France, 
where cheap hydroelectricity was available. 
The furnace is a rounded steel shell lined 
with basic or acid heat-resistant bricks 
known as refractory material. Tempera- 
tures reaching 3,0(j0°F. are obtained by 
passing electric current through electrodes 
which are suspended from the upper section 
of the furnace. The process is more ex 
pensive than either the Bessemer or the 
open-hearth process, but it is capable of a 
higher degree of precision for finished prod- 
ucts and therefore is prized where a uni- 
form, high-quality steel is the first consid- 
eration. In the United States during the 
period 1942-1946, 89.5 per cent of the steel 
produced was provided by the open-hearth 
method, 5.8 per cent by the Bessemer 
method, and 46 per cent by the electric 
furnace method. 


OF FERROALLOY METALS 

Alloy steels. All steel is made by fol- 
lowing the essential principles and processes 
outlined above: reduction of ore to metal, 
purification of the charge of pig iron and 
scrap iron, and adjustment of the composi- 
tion of the metal to meet desired needs. 
The latter point refers to the content and 
structure of the finished product; these are 
made possible by temperature control, to- 
gether with the addition of such metals in 
closely measured amounts as are necessary 
to produce steel of the quality desired. 
Virtually all kinds of steel contain carbon 
in varying amounts, and many kinds oi 
steel have had some other hardening ele- 
ments added in small quantities in order to 
meet definite requirements for specific uses. 
The other elements — ^known as alloy metals 
— ^which are most commonly used include 
manganese, molybdenum, nickel, chromium, 
vanadium, tungsten, cobalt, and some others 
of local and lesser importance. Steels that 
include at least 1.65 per cent manganese 
and any of the other nonferrous metals are 
known as alloy steels. 

During the 1942-1946 period, the average 
annual production of the alloy steels ranged 
from 6 to 13 million tons and constituted 
12.8 per cent of the total steel qutput of the 
United States. 

« 

Importance of scrap iron and scrap 
steel. Raw material for blast furnaces and 
steel plants includes scrap iron as well as 
pig iron. About one-third of the world’s 
steel is made from scrap; in some countries 
that are weak in iron ore the furnaces de- 
pend largely upon scrap, for example, Ar- 
gentina, Japan, and some of the Mediter- 
ranean countries. In the United States 
ordinarily scrap is the source of 30 to 50 
per cent of the output of steel. In 1942- 
1946 the average annual consumption of 
scrap iron and steel was 57,800,000 short* 
(ons and of pig iron, 55 million short tons. 
Of the combined total, scrap accounted for 
51 per cent and pig iron, 49 per cent. 
While scrap is gathered from every state, 
Pennsylvania, (Siio, and Indiana usually 
lead, with a combined consumption of 60 
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per cent of the nation s total. The open- 
hearth steel furnaces are by far the largest 
consumers of ferrous scrap and pig iron, 
and their proportional percentages hold 
fairly steady at around 65 to 70 per cent 
of the total, with electric furnaces using 7 
to 10 per cent and Bessemer converters 
using comparatively small quantities of 
scrap. 

Scrap has long been an important source 
of steel, but its use in blast furnaces has be- 
come prominent in the United States only 
within the past two or three decades. It 
serves to stabilize the price of pig iron and 
thus, indirectly, the price of ore. When 
scarcity of pig iron threatens, the price rises 
and with it the price of scrap. In the early 
postwar period, 1945-1948, the rising prices 
put dollar values into iron scrap heaps over 
the nation and thus gave an economic in- 
centive for collection. The humble driver 
ol the junk-collecting truck became, in a 
sense, a me'mber of the mt^tallic aristocracy. 
The re-use of the metallic resources implied 
in the term scrap iron is a conservation 
measure of great significance to the nation 
that makes full use of it. 

The alloy metals of major importance. 
With recognition of the raw materials vital 
to the iron and steel industry — ore, coal and 
coke, and fluxing material (usually lime- 
stone) — and the essential procedures in- 
dicated by blast furnaces, steel converters, 
and rolling mills, the grosser materials and 
processes have been outlined as fully as 
seemed warranted within the scope of this 
study. We still need to make clear why 
steels differ in specific quality and how they 
are truly “tailor made” to meet certain 
needs, such as are typified by spring steel, 
tool steel, high temperature steel, and so 
forth. For that explanation we must turn 
to the alloy metals, which can be used in 
varying percentages, singly or in combina- 
tion, to produce such a variety of results as 
to bewilder the imagination of the novic*e; 
the details lie in the complex field of metal- 
lurgy wherein the scientific advances dur- 
ing the past quarter of a century have in- 


deed been astounding. While details do 
not come within our province, the broader 
effects of the important alloys are of such 
industrial and economic significance that 
economic geography would be amiss if it 
gave no recognition to the alloy metals 
which produce them. 

Manganese 

Manganese is essential to the production 
of good-quality steel. Some steels that 
contain far more of this metal than do 
others are therefore known as manganese 
sfccl III the making of ordinary steel small 
amounts of manganese serve to remove the 
oxides formed by melting the iron prepara- 
tory to its purification before making it into 
steel. An average of fourteen pounds of 
manganese is used for every ton of steel that 
is made. In addition to its function of re- 
moving impurities such as oxides and sul- 
phur compounds, manganese adds many 
desirable qualities to steel. Although it 
serves a number of other uses, particularly 
in the chemical industries, 95 per cent o£ 
the production is used in the metallurgical 
industries. 

Manganese is added to steel either as 
ferromanganese or as spiegeleiscn. The 
former is an alloy of iron that contains 
about 80 per cent manganese; 80 to 90 per 
cent of all the manganese used in the manu- 
facture of steel is added in this form. Spie- 
geleisen is an iron-manganese alloy that in 
the standard grade contains 20 per cent 
manganese. Because of its greater effi- 
ciency as used in the steelmaking processes, 
ferromanganese is preferred over spiegel- 
eisen by steel manufacturers, even though 
the cost per unit of the metal is decidedly 
greater. 

Manganese steel is tough, hard, and re- 
sistant to abrasion and corrosion. Steel 
rails made of manganese steel are reported 
to be five to six times as durable as those 
made of ordinary carbon steel. Manganese 
steel is preferred for heavy-duty machinery, 
such as that used in mining, rock crushing, 
milling, roadworking, and dredging. It is 
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also used in certain types of tool steel, espe- 
cially where the tools are to be subject to 
severe abrasion or to hard impacts. Mm- 
ganese steel is used extensively in the elec- 
trical industries because^ if its content of 
manganese is as high as 11 to 14 per cent, 
it can readily be made nonmagnetic and so 
becomes a much poorer conductor of heat 
and electricity than ordinary steel. 

Manganese is similar to iron in its occur- 
rence and many iron ores contain it in con- 
siderable amounts. Ores containing from 
5 to 10 per cent manganese produce a high- 
manganc.se pig iron that is much in demand. 


45 per cent manganese and at least 125,000 
tons of lower-grade ore. 

Manganese ores in small quantities have 
been reported in South Dakota, Arkansas, 
Virginia, Tennessee, and Georgia. In the 
southwest, ores have been discovered and 
some production has been reported from 
New Mexico, Nevada, and southeastern 
California. In connection with the iron 
ores of the Lake Superior district, manga- 
niferous ores in substantial amounts occur 
in the Cuynna Range in Minnesota and in 
the Gogebic Range of Michigan, but these 
ores, although of value for manganilerous 



Manganese. Production and imports, United Slates, annually since lOOO. Note tlyr* effects upon 
domestic production during the war years, 1915-1918 and 1940-1945. Ihw account for tlic' dip in 
imports, 1930-1935? 


Manganese ores in the United States. 
Although two thousand or more occur- 
rences of manganese have been reported in 
the United States, only a few appear to 
have any commercial possibilities. At 
Butte, ^ Montana, large veins of manganese 
carbonate, barren of copper, are associated 
with the veins that contain copper ore. 
During periods of war emergency this 
source is claimed to be capable of pro- 
ducing large quantities of manganese, but 
^t costs too high for successful competition 
during peacetimes. The reserves have 
been estimated at several million tons of 
carbonate ore. At Phillipsburg^ Montana, 
manganese ore in moderate quantities has 
been reported in limestone. Goddard, in 
t/.S.G.S. Bulletin 922G, estimated that there 
were 375,000 tons of ore containing 30 to 


pig iron, arc not suitable as sources tor 
metallic manganese. 

On the whole, therefore, the United 
States is sadly lacking in known reserves of 
manganese so essential in the steel industry 
and apparently must continue to be de- 
pendent upon foreign sources to supply 
most of its needs ( see Ulus, above). 

Important foreign sources of manga- 
nese, Hifi-Soviet Union contains the great- 
est known reserves and has in the past pro- 
vided the largest production of any nation 
in the world; in 1940 the Soviet Union pro- 
vided more than 50 per cent of the world 
supply. South of the Caucasus Mountains 
in the Republic of Georgia, a bed of manga- 
nese oxiaes has been reported to underlie 
55 square miles of area. The bed is 4i to 
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11 feet thick and crataiiis layers of nearly 
pure manganese ‘dioxide (MnOo) that 
aggregate three to four feet in thickness. 
This one deposit has in the past years sup- 
plied nearly half of the world’s manganese. 
Another deposit of international fame is in 
production north o^^he Black Sea. The 
bed is reported' fd be up to 5 feet thick and 
has been proved over an area of 7 to 8 
square miles. Since still other deposits 
have been proved, it appears certain that 
the Soviet Union is endowed with huge 
reserves of manganese ore. 

In Eiuope, outside of Russia, numerouj? 
small deposits of manganese ore have been 
found in most of the c'ountries, as it has 


anct* of contributing .sub.stantially to the 
world’s supply in the future. 

A number of small manganese ore bodies 
have been reported on the Japanese islands, 
but jaaJargfiLifiserves have been discovered. 
Hokkaido and Honshu have contributed the 
major part of the output in the past, the 
best-known center being near Kyoto. 

In Africa are two center s of exploitation 
of manganese ore, one in the Gold jCoast 
and one in the Union of South Africa. 'TKe 
former is in the hands of American capital 
interests, while in the latter British capital 
is in charge. Reserves are reported to be 
substantial in each area, but the percentage 
of metal is rather low and therefore high 



Muiiganese. Graplnc* illustration of average annual production «)f principal countries, 1940-1945. Data 
tor U S S. 11. based on estimates presumably (juile reliable. 


been iound in the United States, Imt large- 
§cale-^()duction has not proved possible 
even with the financial inducements that 
have been extended by the several govern- 
ments. 

Asia appears to be favored with manga- 
nese ore of economic importance in India 
and in the Philippine Islai^s. From Ba- 
roda on the West Coast aefe^ central India 
nearly to Calcutta a manganese belt has 
been reported for a distance of about 700 
miles. In this area a number of ore bodies 
have been found, but the chief center of 
production is reported from the western 
portion. In the Philippine Islands recent 
explorations have reveajed large deposits of 
jnanganese ore which appear to give assur- 


prices lor output are necessary for eco- 
nomic success (see Ulus, above). 

Jn the Western Hemi.sphere Cuba and 
Brazil have recently been the principal 
, areas of exportation, but the known reserves 
of the former are reported nearly exhausted 
Chile was early a relatively important ex- 
porter of manganese ore mined near Co- 
quimbo. Exports of 26,628 tons were re- 
ported in 1947, of which 92 per cent were 
shipped to the United States. In northern 
Cuba, fairly extensive deposits have been 
exploited for many years by American 
capital interests. Brazil promises to be- 
come a source of production of high impor- 
tance to the western world. Reserves of 
high-grade manganese ore have been esti- 
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mated to exceed 10 million tons in the 
state of Minas Geraes, where Ouro Preto is 
the principal mining center. High-grade 
manganese ores are also reported to have 
been found in Mato Grosso to the west. 

Summary, The principal sourc(\s for 
manganese for the world’s steel industry 
have been found to be the Soviet Union, 
India, the Philippine islands, Africa, Cuba, 
and Brazil (see Ulus. p. 445). Of these, 
the Soviet Union is the only important steel 
making country that has manganese within 
its borders sufficient to meet its own de- 
mands. The other large steel-rnaking coun- 
tries must depend upon imports. These in- 
clude particularly the United States, the 
United Kingdom, Germany, Japan, France, 
and Belgium, The United States, during 
the prewar period, imported about 750,000 
tons of manganese ore per year, but during 
the war years imports of ore were nearly 
doubled, with India and the Gold Coast 
ranking as the foremost sources. Th(‘ 
world production of manganese since 1940 
has averaged 5 to 6 million tons annually, 
of which the Soviet Union has supplied 45 
to 60 per cent, India 20 per cent, Africa 2.5 
per cent, and Brazil 20 to 25 per cent. The 
political control of the exploitation of man- 
ganese ore, indispensable to the steel in- 
dustry, is almost entirely in the hands of 
the Americans, the British, and the Ru.s- 
sians. 

Chromium 

Metallic chromium is bluish white in 
color. It possesses high metallic luster and 
has a hardness of 9, nearly as hard as dia- 
mond, which is rated 10 on the scale. The 
properties of chromium render it valuable 
for many uses, particularly as an alloy. 
The ore from which most chromium is de- 
rived is chromite (FeO-CroO^), with a 
theoretical composition of 68 per cent of 
chromium sesquioxide ( Gr^Oa ) . Chromite 
is dark in color, varying from black to 
yellowish red, and it is infusible. The 
world s production of chromite is used for 
refractory purposes, in the chemical indus- 
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tries, and in the metallurgical industries 
As a refractory material it is used as lining 
of furnaces, where resistance to fusion un- 
der high temperatures is of paramount im- 
portance. Ill the metallurgical industries 
chromium is an essential alloying material 
lor high-speed steel, stainless steel, and 
many of the engineering steels. In the 
making of steel, chromium imparts strength, 
toughness, hardness, resistance to corrosion, 
and high electrical resistance. As a result, 
chrome steels have made possible certain 
industrial do^lopnients that would not 
have been possible otherwise. Hard steels 
ar(‘ used in the automoti\'e industry, in the 
manufacture of airplanes, high-speed tools, 
armor plate, engine parts, and \'arious light 
and heavy etjnipmeiit. One of the most 
ctimmonplace uses of metallic chromium is 
in plating other metals. 

In the Unit(‘d States, the first well-estab- 
lished output came from the Reed Mine in 
Maiy^land in 1827. Thereafter this eountry 
led the world in chromite production until 
1860, when Turkey took the lead. This 
was followed by Russia in the lead from 
1897 to 1902. Since then, first place has 
alternated among the United States, India, 
New Caledonia, Cuba, and southern Rho- 
desia. While statistics are incomplete, it 
appears that the So Wet Union regained 
first place in production about 1935 and 
probably still holds it. 

Chromite-bearing rocks are known to 
occur in the mountainous areas of North 
Carolina, Maryland, Montana, and Wyo- 
ming. The most extensive area occurs along 
the coast of California, with small areas re- 
ported from Washington, Oregon, and the 
Great Valley of California. Sincti most of 
the chromite deposits in the United States 
thus far discovered are of low grade and are 
expensive to extract, domestic production 
has been small except during war periods 
when the need for chromium became criti- 
cal for war industries and imports from 
foreign c*ountries were greatly reduced 
The records indicate that from 1880 to 1946. 
only 20 per cent of the total production oi 
the United States occurred during the peace 
years, whereas 80 per cent was proauced 
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( A. ) Clironiiuiii Gnipliic illustration of United States production during the two World War periods. 
Domestic production during interim years was almost nt'gligihle. What percentage of increase was 
made at peak output for World War II over the cwresponding peak of World War I? 


during the two war periods, 1914-1918 and 
1941-1945. J!)uring World War II, the 
total output of the United States was 356,- 
858 short tons, of which California pro- 
duced 47.6 per cent, Montana 42 per c'ent, 
and Oregon 8.4 per cent. Small (juantities 
were produced by Alaska, Washington, and 
Idaho (see Ulus, above). 

World supplies of chromite. The* 
annual production of chromite for the lead- 
ing producing countries for which statistics 
have been made public by the United States 
Bureau of Mines are given in the acc'om- 
panying table. 

The average annual output of the five 
leading countries is shown graphic*ally on 
Ulus, below. 

In this connection it should be noted that 


the Soviet Union, probably ranking fore- 
most among the nations in output of chro- 

Table X 

World Production of Chromite by 
Principal Producinc Countries 


{in thousands of metric Ions) 



into 


wm 

World 

l.loS 

‘2,030 

l.KK) 

So. Hhodesiu 

•218 

318 

151 

Union of South Africa 

IBt 

338 

189 

'I'urkcy 

170 

M.^) 

109 

Pliilippincs 

‘201 

hO 

58 

New Caledonia 

of) 

B8 

25 

Yugoslavia 

71 

100 

— 

Cuba 

.V2 

•28() 

171 


Source: Minerah Yearbook, lUUi, p 



( B. ) Chromium. Annual production by principal producing countries since 1936. What trend 
seems apparent for Cuba? Union of South Africa? 
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mite and also in reserves, is conspicuously 
absent. It is known that large reserves 
have been proved in the central Ural Moun- 
tains area, as well as some distance north- 
west in the Perm area, now known as the 
Saranovskoe district. Some sources have 
estimated the total known reserves as high 
as 7 million metric tons. 

In general, the great industrial nations 
are the ones that use and must have aewss 
to chromium in connection with steelmak- 
ing. The demand for chromite is therefore 
in proportion to the steel output. Aside 
from the Soviet Union, the great .steel- 
producing countries are dependent upon 
imports for their supply of chromite. Since 
chromite is a must for steel manufacture, it 
follows logically that the capital interests 
of steel-producing nations have invested 
heavily in chromite-producing corporations 
abroad. Examples of this may l)e noted, as 
British capital in Southeni Rhode.sia, Union 
of South Africa, and India, French capital in 
New Caledonia and Turkey, German capital 
in Turkey and Yugoslavia, and American 
capital in the Philippines, New Caledonia, 
and Cuba. 

Nickel 

Approximately 60 per cent of all nickel 


is used in the making of nickel steel, the 
remainder being used mostly as alloying 
material with copper, aluminum, and other 
metals. Nickel alloys are used for steel 
subject to corrosion, great temperature 
changes, heavy loads, and abrasion. Low- 
nickel steels (0.5 to 0.7 per cent Ni) are 
tough, strong, and ductile. Iligh-nickel 
.steels (7 to 35 per cent Ni) are heat- 
and corrosion-resistant. Nickel steels are 
adapted to a wide variety of uses, from 
cooking utensils and precision instruments 
to armor plate. Nickel plating is used to 
prevent corrosion and thus is extensively 
employed in the manufacture of food con- 
tainers because of its resistance to attack by 
weak acids. 

Occurrence of nickel. The world’s 
largest nickel-bearing area is in the Sud- 
bury di.strict of Ontario, al)out 250 miles 
east of Sault Ste. Marie. The on* area 
found there is claimed to embrace more 
than 700 square miles and to have reserves 
sufficient to meet the world’s needs for 
decades to come. Because of the great out- 
put in the Sudbury district, Canadian ex- 
ports dominate the world's trade in nickel. 

Outside of Canada the knoyvn deposits of 
nickel ore are widely scattered, although 



Nickel. Annual production of the principal suppliers of the world’s nickel since 1936. Production in 
Canada: 1947, 117,000 tons; 1948, 132,000 tons. Other data will be published later. How does one 
explain the sharp change of trend by Canada since 1946? 
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not large. In the nineteenth century, New 
Caledonia was the leading producer of the 
world’s nickel supply, but since then 
Canada has held undisputed leadership. 
Reserves in Caledonia are said still to be 
ample and easily mined, but the ore is low 
in metal content. 

Ores similar to those at Sudbury occur 
scattered in small bodies in Norway, but 
thus far no large reserves have been dis- 
covered. Tile largest mine in southern 
Norway produced 1,500 tons annually be- 
fore World War II. The largest known 
nickel deposits in northern Europe are near 
Petsamo, Russia. Development of this 
deposit during the prewar period was 
largely by American capital and 3 per C'ent 
nickel ores were being produced. Since 
production was interrupted by World War 
II, the future is uncertain as to whether this 
deposit will again bec’ome the foremost 
center of nickel production in Europe.^ 
Nickel has also been found in the Ural 
Mountains of the Soviet Union, but little is 
known concerning the reserv^cs. Exploita- 
tion to a minor degree has long been re- 
ported from Greece. 

The United States normally consumes 
about 50 per cent of the world’s supply, the 
Soviet Union about 15 per cent, Germany 
about 10 per cent, and the United Kingdom 
about 8 per cent. The world demand has 
generally been met by exports from Canada 
to the extent of 85 per cent of the total and 
from New Caledonia to the extent of about 
10 per cent. Minor quantities have been 
provided from other sources. 

Summary. Nickel is one of the most im- 
portant metals as an alloy for ferrous and 
nonferrous metallic products and is con- 
sidered to be vital as a strategic metal for 
ordnance purposes. Inasmuch as the Soviet 
Union has been inadequately explored, it 
is likely that within its vast territory nickel 
sufficient for its own needs may be un- 
covered. During the foreseeable future, 
Germany and France must depend largely 
upon output from Norway, Finland, the 

’ Ceded by Finland to U. S. S. R. in 1944. 
U. S. S. R. now probably ranks second in world 
production. 


So\det Union, and Greece, while the needs 
of the United Kingdom and of the United 
States can be met by output from the large 
reserves of Canada, and those of Cuba. 

Table XI 

World Production of Nickel by 

Principal Producing Countries 
(in metric tons, metal content) 

Canada.... 111,577 

U. S. S. R. 1.3.4(M) 

Cuba.... ll.(KK) 

Now Caledonia 8,808 

Others. . . . 5,875 

World . 150,660 

Source: Data from copy for Inlcrna- 
(ional Atlas under direction of William 
Van l^oyen. 

Molybdenum 

In the years immediately preceding 
World War II molybdenum was used as an 
alloying metal in about 30 per cent of the 
total tonnage of alloyed engineering steels. 
During the war period the value of molyb- 
denum became increasingly appreciated, 
with the result that in 1949 molybdenum 
was reported to be a component of about 
80 per cent of the alloyed engineering steels 
being made. This increase was due partly 
to greater availability but mostly to the 
wider application caused by new uses. 

Molybdenite (MoS^) is the principal ore. 
Production data are usually given in terms 
of concentrates which range from 48 to 49 
per cent metallic molybdenum and are ex- 
pressed in tons of ore. However, it is pref- 
erable to use data given in terms of metal- 
lic molybdenum contained in the ore or 
concentrate, in which case quantities are 
stated in pounds rather than in tons. In 
general, both domestic and foreign data 
can be, and in most cases have been, con- 
verted to terms of metallic molybdenum 
contained in the ore or concentrate. 

It is claimed that molybdenum is the 
most effective element in contributing high- 
temperature strength to ferrous alloys. 
This is of great importance in the construc- 
tion of jet-propulsion engines, which are 
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(A.) Molybdenum. Annual production in the United States sinee 1934. Note efleet of the war 
years upon production. Production in 1947 was 27 million pounds, in 1948 it was 26.7 million 
pounds. How does one account for recent trend shown? 


becoming increasingly used in air traffic. 
In general, however, molybdenum is used 
in a wide variety of alloy steels and iron, 
particularly in ordnance and high-tensile 
steels. It imparts high resistance against 
“creep” of metal under pressure and it con- 
tributes depth-hardness, thereby making 
possible tools which are adapted to high 
working temperatures and yet will retain 
their hardness without becoming brittle 
upon cooling. Molybdenum is now added 
to stainless steel to improve resistance to 
some types of severe corrosion. Further- 
more, it has been found that molybdenum 
in connection with chrome and nickel, one 
or both, makes a superior alloy for use in 
connection with some parts of gas turbines 
and automotive parts, as well as in the 
manufacture of armor plate. About 95 per 
cent of the molybdenum produced is used 
in steels and about 3 per cent in cast iron. 

Molybdenum is being produced by six 
states in the Union. Colorado has long 
been the foremost producer and in 1946 was 
credited with 60 per cent of the total out- 
put of the United States. In 1947, how- 


ever, Utah took th(‘ lead, followed by Colo- 
rado, New Mexico, California, Arizona, and 
Nevada, in the order named. The signifi- 
cance of molybdenum as a strategic mate- 
rial is well shown by graph above, which re- 
veals the prewar output as less than 11 
million pounds, the peak output being 
reached in 1942 at iiearl)' 62 million pounds, 
from which the decline to 18 million 
pounds in 1946 was sharp indeed. It may 
be expected, however, that the molyb- 
denum output during the yealrs ahead will 
remain substantially higher than was true 
before World War II. 

Molybdenum, in nearly the same degree 
as chromium, has become rec*ognized as an 
alloy metal essential for the iron and steel 
industries. In this metal the United States 
holds such a predominant position that it is 
in virtually monopolistic control (see Ulus, 
below ) . The only other countries with any 
known stores of molybdenum are Mexico, 
Norway, and French Morocco). Unless fur- 
ther exploration should reveal sources un- 
known at this time, the leadership of the 
United States in output of molybdenum ore 



(B.) Molybdenum. Graphic illustration of dominance of the United States in the world production 
of molybdenum. Percentages are determined on basis of total output during the period 1934-1946. 
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appears certain to be continued during the 
foreseeable future. 

Tungsten 

Tungsten has become almost indispen- 
sable in modern metallurgy, and particularly 
so in alloy steel. Its importance is due to 
the toughness, strength, hardness, and re- 
sistance to abrasion which it engenders in 
iron alloys. Tools made of tungsten steel 
are much more durable and can be used 
more efficiently where hardness and tough- 
ness are involved than those having no 
tungsten content. Tungsten carbide fac- 


hack saws, files, razor blades, springs, armor 
plate, and armor-piercing shells. 

The most generally known use of tung- 
sten, and one of its most important uses, is 
as a filament in electric light bulbs. It has 
high electric resistance and a very high 
melting point, thus allowing a surprising 
degree of efficiency in the conversion of 
electricity into light. No satisfactory sub- 
stitute for tungsttMi as an electric light fila- 
ment has yet be('n found. 

Sources of tungsten ore. The sources 
of tungsten, by principal pn)ducing coun- 
tries of the world, are shown graphically in 



Tung.sten. Annual production by principal countries since 1938, in lernis of tungsten concentrates, fiO 
per cent WOj. Wlicii was tlie peak of production nMclieil in C'liina? In the l^. S. A ? 


ings on cutting tools of ordinary slock are 
widely used. If the whole tool is made of 
tungsten carbide, a substance second only 
to diamond in hardness, it will last from 
twenty-five to fifty times as long between 
sharpenings as will the best ordinary high- 
speed steel. 

High tungsten steels, which contain 15 to 
20 per cent tungsten and 4 to 5 per t'ent 
chromium or molybdenum, retain timber and 
cutting edge even at red heat. This quality 
makes possible the operation of metal- 
cutting machinery at otherwise impossible 
speeds and imparts the name “high-speed 
steel.” Tungsten is highly desirable for 
valves and valve sets in internal combustion 
engines, where high temperatures are con- 
tinually met. It is also used in cold chisels. 


the diagram above. Note that in the 
early 1930’s (Jliina was the undisputed 
leader in the world s supply of tungsten, a 
position that nation held until 1943 when 
leadership was taken by the United States, 
a position since retained. Second place 
was formerly held by Burma, but now there 
seems to be a close race between China and 
Bolivia, due largely, no doubt, to the un- 
settled military and political conditions that 
have recently afflicted China.^ 

Outside the United States, Bolivia has 
long been a consistent producer and still 
remains so, most of the production being 
from the deposits in the province of La Paz. 

' Wolframite i.s known as the source of tungsten, 
and all American statistics arc given in tenns of 
concentrates, 60 per cent WO.i. 
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Argentina began production on a modest 
scale in the early 1930*s and under the im- 
pulse of high prices reached peak produc- 
tion in 1943, since which time a sharp de- 
cline has occurred. It may be expected, 
however, that production will continue on 
a moderate basis during the years ahead. 
Brazil is the big newcomer in the field of 
tungsten production. Beginning produc- 
tion about 1940, it increased spectacularly 
to meet the demands of the war period. 
Since then it has declined, but it still re- 
tains an important position as a source of 
tungsten to meet export demands, particu- 


in Europe has provided any appreciable 
amount ol tungsten ore. 

In Asia, China, long in the lead, and 
Burma have been the principal sources, al- 
though smaller amounts have been pro- 
duced by the Malay States. There seems 
no doubt that the reserves in China are 
large, and they may be so in Burma; there- 
fore, when industrial and trade conditions 
return to more nearly a normal status, out- 
put of tungsten ore is expected to be re- 
sumed on an important basis in these two 
centers of long standing. 

Australia likewise has produced tungsten 



larly in the United States. Latin America 
promises to continue to be an important 
source of tungsten in the Western Hemi- 
sphere. 

In Europe, Portugal has long held an im- 
portant position in its output of tungsten 
ore. The country was strategically situated 
to supply ore to the central powers of 
Europe and the Western Allies during the 
war period, and as a result prices soared 
and the output of tungsten in Portugal was 
increased twentyfold by the time the peak 
was reached in 1943. Since then there has 
been virtual collapse, but production may 
be expected to be resumed on a modest 
basis in the near future. No other country 


ore in moderate quantities for many years, 
but unlike some of the other centers of 
production, its decline from the war peak 
in 1943 has been comparatively moderate. 

The total output of tungsten ore in the 
United States reached its peak in 1943, but 
this was followed by a decline of more than 
50 per cent in 1946. Colorado, long famous 
for its sustained production, has been rele- 
gated to fourth position among the states, 
and first place in output seems to be a 
close race between Idaho and Nevada. As 
indicated by the accompanying graph, see 
above, Idaho took leadership from Califor- 
nia in 1943 and held it until 1946, when 
Nevada assumed first place. In general it 




(A.) Tungsten. Imports for consumption and domestic production represented by shipments in 
the United States annuallv since 1915. Wlien did the sharp upswing in hotli imports and produc- 


tion occur? Suggest reasons. 

may be said that the trend from war to post- 
war conditions revealed a sharp decline but 
that the trend for the immediate future may 
be expected to be in line witli that of the 
production of iron and steel, and therefore 
that the production curve will conform in a 
general way with the changing trends of in- 
dustry^ in the United States ( see Ulus. B, p. 
348 and p. 424). 

Summary, The significance of tungsten 
as an essential material for war industries 
and for ordnance is emphatically illustrated 
in the total world output, which dropped 
from 61,000 metric tons in 1943 to 19,000 
metric tons in 1946. For the foreseeable 
future, the centers of output of this alloy 


material, vital in so many phases of the iron 
and steel industries, will continue to be 
the United States, Bolivia, Brazil, China, 
and Australia. In this connection, how- 
ever, we must bear in mind that we have no 
late data concerning the prospects in the 
Soviet Union, where it would appear that 
possibilities for discovery of tungsten de- 
posits are great, and that the collapsed polit- 
ical conditions in China and Burma render 
the situations there uncertain for the time 
being. 

Vanadium 

The principal use of vanadium is in mak- 
ing alloy steels and iron. It is used in steel 



(B.) Vanadium. Graphic illastratioii of annual production hy the principal producing countries since 
1936. What countries have supplied the greater part of the worlds vanadium since 1938? 
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both as an alloy and as a scavenger. It 
removes oxides and other impurities, and 
at the same time it increases the strength 
and induces finer texture of the steel 
through grain refinement. Chrome-vana- 
dium steels are used extensively in railway 
and bus operations and are of great impor- 
tance in ordnance manufacture. Vana- 
dium is classified as a “critical” metal by the 
Army and Na^y Munitions Board, which 
implies that it is nearly as essential as the 
metals classified as “strategic.’’ Vanadium 
differs from some of the other alloy metals 
c'onsidered in that it is not applicable to 
stainless steels, wherein high tein|)erature 
and high strength qualities are of prime 
importance. In 1946, 52.4 per cent of the 
vanadium was used in the inaniifaeture of 
high-speed steel, 10.8 per cent in other t)q)es 
of tool steel, 25.8 per cent in other alloy 
steels, and 4.8 per cent in noiiferroiis alloys. 
The remainder, 6.2 per cent, was used 
largely for chemical purposes and to some 
extent for other lines of metallurgical prod- 
ucts. 

Prior to World War I, Peru was the 
world’s principal producer of vanadium and 
had been so for several years; during the 
decade following, increased production in 
Southwest Africa brought that area into the 
premier place until 1938, when Peru again 
forged to the front for a period of three 
years. The United States, with nearly all 
the output being provided by Colorado, 
Arizona, New Mexico, and Utah, now holds 
a commanding position in the output of 
vanadium, having assumed that position in 
1941. As was also true for most of the 
other alloys, the demands of war created 
a temporary but urgent call for vanadium 
which induced rapidly expanding produc- 
tion in this country. Measured in terms of 
vanadium content in the ores and concen- 
trates, only a little more than one million 
pounds were produced in 1937, a)ntrasted 
with 5,586,000 pounds in 1943. The post- 
war decline was nearly as precipitous as the 
rise, as is shown by the drop to 1,272,000 
pounds in 1946. Details of these trends are 


shown graphically for the United States and 
the other important producing countries on 
page 453. 

Inasmuch as the demands of the times 
call for increasing speed of machines, auto- 
mobiles, and planes, it seems certain that 
the ferroalloy metals essential in the manu- 
facture of high-speed steel will all face 
gradually increasing demand, and, to meet 
it, increasing output. The curve of produc- 
tion of vanadium will probably correspond 
roughly to the curve of production of high- 
quality steel. Among the nations of the 
world, in the light of present knowledge, 
the position of the United Stales as the lead- 
ing contributor of vanadium appears to be 
safe. In this, however, as in the case of 
some of the other alloys discussed, we must 
bear in mind that statistics or other evi- 
denc'es of production in the Soviet Union are 
not available. The iron curtain so far has 
deprived the rest of the world of any au- 
thentic infonnation while, on the other 
hand, the Soviet Union has not been de- 
prived of such information by the other 
countries. 
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Chapter Twaity-six 


PRINCIPAL NONFERROUS 
METALS— THEIR GEOGRAPHICAL 
DISTRIBUTION AND INDUSTRIAL IMPORTANCE 


Although the industrial world 
uses more iron and steel than any other 
metal, the nonferrous metals are equally 
important in providing the goods and serv- 
ices deemed necessary for modem standards 
of living. The nonferrous metals which are 
usually considered to be of major impor- 
tance in themselves, rather than as alloys, 
are copper, aluminum, lead, zinc, and tin. 
Magnesium is of some important*e as a 
metal alone, but its value to industry is 
based chiefly upon its use as alloying mate- 
rial with aluminum. Of these nonferrous 
metals, the potential reserves or sources of 
supply of aluminum and magnesium art 
such that scarcity during the foreseeable 
future need not be feared. Such is not the 
case, however, with the other four. The 
demands for copper, lead, zinc, and tin are 
so heavy and persistent and the known re- 
serves of ore so limited that scarcity in the 
not distant future is threatened. In fact, 
it is already manifest in some areas. It is 
imperative, therefore, that conservation 
measures be practiced through emphasis 
on the saving of scrap metal and on its re- 
use as a secondary source in the manufac- 
ture of wares of various kinds. 
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Copper 

The use of copper earlier than of some 
other metals was probably due to the tact 
that it was found as native copper in a few 
places and so could be used directly without 
further conversion. Furthermore, copper 
could easily be hammen?d and fashioned 
into desired forms. Its uses were limited 
by its softness, but the disc*overy was made 
early that by fusing it with tin, also occa- 
sionally found as a metal, an alloy much 
harder than either could be obtained. Tliis 
substanetj, bronze^ was far superior to stone 
for making tools and weapons, and thus 
man progressed from the New Stone Age 
(Neolithic) into the Bronze Age. Copper 
was used alone where hammering into de- 
sired shapes was essential^ as for pots and 
pans and ornaments, and in alloys with 
other metals where hardness was desired. 
Bronze was used for coins because of its 
durability and the readiness with which 
symbols could be stamped upon it. 

Although from very early times copper 
ranked among the most desired metals, the 
demand grew but slowly until the develop- 
ment of the eleotrioal industries gave rise 
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(A.) Copper. Ammul production of the seven leading producing states since* Note the up- 

surge of production during the war period and int(‘rpret the postwar curves. 


to an unprecedented need for copper in Copper ores. Ores var)dng from native 
connection with generating and transmis- copper occurring in local masses to com- 
sion facilities. Copper met this need be- plex chemical t'ombinations are lound in 
cau.se of its several essential properties, but formations of nearly all geologic ages, 
especially because of its conductivity of Generally the ores of c*()ppcT are more corn- 
electrical energy, its (iuctility, and its malle- plex t^an those of iron; and since they occur 
abilij^. Ductility makes possible the fine ^ssenainalt^ in rock masses,' the ore as 
i^pper wire now essential in electrical mined a)nsists of a small ^percentage of 
equipment, while malleability permits ham- copper c'ompounds and a high percentage 
mering the metal into plates and sheets. of rock material known as gangue. Some 



( B. ) Copper. Graphic representation of the production in the United States from domestic ores by 
five-year periods since 1910. How docs one account for the three high production periods indicated? 
Suggest reasons for the low production of one of the five-year periods. 
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of the largest and most important mines are 
yielding ores which contain only 1 to 3 per 
cent recoverable copper, while ores which 
yield 9 per cent or more are deemed to be 
exceptionally rich. 

The distribution of copper mining in 
the United States and Canada. Roughly, 
90 per cent of all the copper mined in the 
United States comes from Arizona, Utah, 
Montana, New Mexico, and Nevada (see 
Ulus. A, p. 456). Other states with signifi- 
cant production are Michigan, Tennessee, 
Washington, and California. In a number 
of plac’es copper is a valuable by-product of 
ores mined chiefly for their content of other 
materials. 

The heavy drain upon domestic resources 
of the copper ores caused by war conditions 
is clearly shown in Ulus. B, p. 456 (graphs 
from 1910 to 1944). During the war years, 
1940-1944, the average annual smelter pro- 
duction of the United States from domestic 
ores was 1,002,132 tons. The all-time peak 
production was reached in 1943 with 1,090,- 
()61 tons. In the postwar period the de- 
mand for copper is of course less, but with 
the rapidly expanding electrical industries 
the general trend may be expected to show 
an upward curve from the 608,000 tons re- 
ported for 1946. Mine production in 1948 
was reported at approximately 826,000 tons 
of recoverable copper; this rate of advance 
since 1946 seems too rapid to be expected to 
C'ontinue. 

Arizona has consistently maintained com- 
manding leadership among the states with 
a yearly output of 250,000 to 350,000 tons 
of recoverable copper.' The greatest pro- 
ducing districts of the state are in the south- 
east portion from the Mexico border north- 
ward to beyond Tucson (see map, p. 459). 
In this area the Globe-Miami, Bisbee, and 
Jerome districts have become familiar 
names in the copper world because of the 
magnitude and availability of their reserves. 
The ore bodies vary from low-grade avail- 
able by open-cut mining to those of higher 
grade but of much more restricted extent. 
While the districts named are the largest 
and generally the best known, there are also 


a number of smaller districts being actively 
exploited, the total output giving Arizona 
unquestioned supremacy among the copper- 
producing states. This rank seems assured 
for many years to come because of the large 
reserves known to exist in that state. 

The main copper-mining center of Uta h, 
the Bingham Canyon district south of Salt 
Lake City, is the major single producing 
district of the United States. The copper 
content of the ores is only 1 per cent or less, 
but such large-scale operations can be 
carried on that even this low-grade ore has 
proved highly profitable. The annual cop- 
per output during the war period averaged 
281,000 tons but dropped to 114,000 tons in 
1946. A gradually rising trend from the 
latter figure may be expected during periods 
of high industrial activity. It is reported 
that the amount of ore still in reserve gives 
promise of the continuance of Utah's high 
production for several decades. 

I ]^Qnt 4 Qai has generally ranked third in 
annual copper production since 1925. 
The chief center of mining operations is 
the famous Butte district in the heart of the 
northern Rockies. Although large-scale 
production has been maintained for several 
decades, recent extension of operations to 
include hitherto unworked ores of lower 
grade and the large proved reserves of un- 
mined ore indicate that mining will 
continue to be important for many 
years to come. The average copper output 
of the state in years of normal industrial 
activity may be expected to exceed 50,000 
tons (see Ulus. A, p. 456). 

In 1936 Jfev ada displaced Michigan from 
fourth place among the states in output of 
copper and held that rank until 1943, when 
she was overtaken by the rapidly increasing 
output of New Mexico. Present trends 
indicate close competition for the fourth 
and fifth ranking positions among the states 
in copper output, and either state may in 
the near future crowd Montana from the 
third place held for some years. Due to 
persistent decline in Montana s copper out- 
put since 1943, New Mexico stepped into 
third plac*e in 1947, but the differences in 
production are so small that the rank of 
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Montana, Nevada, and New Mexico may 
change any year. As a group, however, 
these states will probably follow Arizona 
and Utah for some years to come. 

The northern peninsula of Michig^an has 
long been noted for its output of copper. 
The Indians made some use of the native 
copper which they found in small bodies in 
the glacial drift and in stream gravels. To 
the French explorers who came to this re- 
gion they told stories of hills of copper back 
from the edge of ].ake Superior. Later 
these uplands became one of the greatest 
copper-producing districts of the world. 
The ore consists of rock impregnated with 
metallic copper. For many years Michigan 
ranked first in copper output, but she lost 
this position with the large developments 
in the western states. Michigan now ranks 
sixth, and because of increasing depths to 
which mining operations must extend and 
the gradual depletion of available ore the 
trend of output will probably continue to 
decline. (See Ulus. A, p. 456.) 

Canada. Canada is characterized by 
widespread deposits of copper ores from 
Quebec to British Columbia, and some dis- 
coveries have been reported from the North- 
west Territories. Production, based on 
metal content of ores mined, was generally 
below 60,000 metric tons until after 1926, 
when the rapid increase in output began. 
Production more than doubled by 1930 and 
reached an all-time peak of 273,815 metric 
tons in 1942. (See Table XII.) 

Tablk XII 

Copper Production in Canada 
(copper content of ores mined) 


102f> . . . 

60,371 metric tons 

1030 

. 137,655 “ 

1935. 

... 175,8^3 “ 

1040 

.... 2.56,294 “ 

1042 . . 

. . . . 273.815 “ 

ISMI 

248,145 “ 

1015 . . . 

.. 215,416 ” 

1040 

. .. 166,892 “ 

1017 

201.897 " 

1048 

217.614 “ 

1040 


1950 



The nickel-copper mines of the Sudbury 
district of Ontario usually produce about 
50 per cent of the Canadian output. (See 
World Map, page 459. ) Northwestern 
Quebec ranks second in rank of output, and 
the Flin Plon mines of Manitoba and Sas- 
katchewan constitute the third important 
center of copper-mining activity in Canada. 
British Columbia, although of lesser impor- 
tance to date than the more eastern centers, 
is a vast area wherein possibilities for fur- 
ther discoveries and development exist. 
On the whole, it is too early to forecast 
continued decline in Canada’s copper out- 
put. As world demand increases, as now 
seems almost certain, the search for new ore 
bodies will be intensified. In that search 
Canada will undoubtedly play an important 
part. 

Distribution of copper smelters and re- 
fineries. Because of the large amounts of 
impurities with which copper ores are in- 
variably associated, the percentage of metal 
is always low. Thus the ores as mined 
yield only 1 to 8 per c'cnt of copper, whereas 
the iron ores mined in the United States 
yield 40 to 65 per cent metallic iron. Sinc^ 
the ore is too bulky in relation to value to 
bear the expense of long haulage, cofrf)er 
smelters must be located near the mines. 
At the smelters the ore is reduc'ed to “blis- 
ter,” which contains 98 per cent or more of 
metallic copper. For many purposes, how- 
ever, especially for use in the electrical in- 
dustries, the metal must be almost 100 per 
cent pure. Purification is accomplished 
in the refineries, where by electrolytic 
methods the impurities are reduced to the 
point where the copper contains only a 
few hundredths of 1 per cent of foreign 
matter. For these operations, expensive 
equipment and cheap electric power are re- 
quired, and the plants that have proved to 
be economically practical must be large 
enough to handle the copper blister from 
several smelters. 

In the United States most of the copper 
refineries are located near the Atlantic sea- 
board close to the centers of consumption. 
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Map of the principal copper ore producing regions of the world. The importance is based largely on quantity output, indicated by the prominence of 

letterin:; used 
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In addition to their supplies from American 
smelters, these refineries receive copper in 
various forms from foreign sources, particu- 
larly from Chile, Mexico, Peru, Africa, and 
Canada. Refineries have also been estab- 
lished at Tacoma, Washington, and in the 
interior in connection with the large mining 
properties near Great Falls, Montana, and 
at Hubbell, Michigan. 

Copper production: Mexico. Mexico 
has quite consistently produced from 30,000 
to 60,000 metric tons of recoverable copper, 
mostly from the mining district of the north- 
west part of the anmtry which is a con- 



(A. ) Copper. Pereentiiges produced an- 
nually by each of the leading countries dur- 
ing the 1916-1918 period. 

tiijiuation of the general structural condi- 
tions in southern Arizona (see Ulus. p. 459). 
The mines are owned and operated, for 
the most part, by American capital. The 
prospects are for maintenance of moderate 
production, perhaps 2 to 3 per cent of the 
world output during the next decade. 

Peru, the Cerro de 
Pasco mines north of Lima have long been 
noted for their copper output. During the 
recent period the production declined from 
44,000 metric tons in 1940 to 24,600 metric 
tons in 1946, a persistent downward trend 
even during the war years of high demand. 
Since 1910 the annual production of re- 
coverable copper has generally been below 
that of Mexico. 


Qule s ■position as one of the important 
copper-producing countries of the world 
dates back to the early part of the present 
century. iJince 1920 she has ranked second 
among the nations ( see Ulus, below). The 
average annual output during 1935-1939 was 
325,000 metric tons and, during the five- 
year period following, was 463,000 metric 
tons. The principal centers of production 
are Chuquicamata, Potrerillos, and Sewell 
(Braden) (see Ulus. p. 459). The ore 



(B. ) Copper. Percoiitagcs of the 
world’s production contributed by each of 
the principal producing countries annually 
during the 1940-1944 period^ For Japan, 
only the one-yeai period, 1940, was avail- 
able, and for Russia, only the two-year 
period, 1940-1941, provided available sta- 
tistics. Note particularly the changes in 
percentage credited to the United States 
and Chile compared with the World 
War I period. What new centers have 
become highly pniminent since the earlier 
period? 

bodies occur along the west flanks of the 
Andes. Ocean haulage is within easy 
reach, an important factor in obtaining 
needed supplies from abroad as well as in 
providing cheap outlets to the world’s mar- 
kets. The ore reserves, proved and prob- 
able, have been reported so large that the 
copper-mining industry of Chile seems as- 
sured of long life. For the reasons given, 
the upward trend of production seems likely 
to continue, and Chile’s position as one of the 
leading copper-producing countries of the 
world appears to be well established. 
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Africa. The principal copper-producing 
districts of Africa are in the deep interior, 
where plateau topography is prevalent and 
rainfall abundant, quite in contrast to the 
seaboard location and the desert conditions 
which characterize the Chilean ore fields. 
The remoteness of the African copper mines 
from low-cost ocean haulage is compen- 
sated in large measure by the greater rich- 
ness of the ores. The foremost center of 


nearly 6 per cent copper, more than five 
times the average content of the ore now 
mined in the United States (see Ulus, below). 

Formerly the Katanga and Rhodesian 
output was handicapped by great distances 
and the high costs of overland transporta- 
tion. These were in large measure over- 
come by the opening of the Benguella rail- 
road in 1931, which provided an outlet to 
the west at much lower cost than was pos- 
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Copper. Mine production for each of the principal producing countnes for the two 5-year periods 
indicated. Note particularly the increase in production for the war period indicated for each of the 
countries. 


production is in northern Rhodesia, 
where huge deposits of copper ore have 
been discovered. Exploitation has made 
this area foremost in the Eastern Hemi- 
sphere (see Ulus, p. 459). The average 
annual output in 1940-1945 was about 225,- 
000 tons. The Belgian Congo territory to 
the north, known as the Katanga disbict, 
ranks second in Africa, with an annual 
output during the war years above 160,000 
metric tons. The ores thus far worked in 
Katanga and Rhodesia have averaged 


sible toward the south or east. The over- 
land mileage was reduced about 250 miles 
and the ocean distance about 2,600 miles, 
thus bringing the African mines nearly 
3,000 miles closer to European markets, 
lliese improved transportation facilities 
have placed the African mines in position 
to compete in the world markets with the 
great copper-mining districts of North and 
South America. Furthermore, the Katanga 
and Rhodesian ore bodies occur under fa- 
vorable mining conditions; the ores are 
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rich, labor is comparatively cheap, and 
water supplies are ample for all needs. 

The capital interests involved in Africa 
are predominantly British and American. 
The ore reserves of Katanga and Rhodesia 
are so great that these districts, with pro- 
duction tliat nearly equals and in some 
years exceeds that of Chile, are now among 
the foremost areas of exploitation in pro- 
ducing the worlds supply of copper. Fur- 
thermore, although American supremacy in 


Chile. In Europe, the mining of copper 
ore has been important for centuries in 
Spmn^ Yugoslavia, Germany, and Scandi- 
navia; and although late statistics are not 
available, it is known that the Soviet Union 
has a rapidly expanding industry with large 
potentialities for the future. In Asia, Japan 
is fairly well supplied with reserves of 
copper ore and she can expand her output 
to meet the needs of her growing industries. 
Although weak in coal, petroleum, and iron 



the copper industry may not be overthrown, 
the percentage of the world’s output con- 
tributed by the United States will undoubt- 
edly be further reduced (see Ulus. p. 461). 

Other important copper-producing cen- 
ters, Tlie widespread occurrence of chopper 
ore is revealed by the fact that its mining 
is an industry of commercial significance in 
every continent except Antarctica. In the 
Western Hemisphere, Canada, Mexico, 
Peru, and Cuba have important copper- 
mining activities, although they are greatly 
overshadowed by the United States and 


ore, Japan possesses her own dependable 
stores of copper ores. 

Aluminum 

Aluminum is one of the most abundant 
elements in the earth’s crust, but ordinarily 
it does not exist in a form that makes extrac- 
tion easy. It occurs in clay, kaolin, feld- 
spars, and other minerals which, although 
very abundant, are not yet commercial 
.sources. Despite the fact that scientists 
had been working for a number of years 
to devise means of extraction which would 
be commercially successful, as late as 1890 
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aluminum was referred to as a curiosity; the 
cost of extracting it from the ores was so 
great that it had practically no commercial 
importance. The price was then more than 
two dollars a pound, while in recent years 
it has sold below fifteen c*ents per pound. 

Bauxite is the principal ore of aluminum, 
and present indications arc that it will re- 
main so for a long time. It is a chemical 
compound of aluminum, oxygen, and water, 
and it is associated with certain other ele- 
ments occurring as impurities in the ore. 
If pure, bauxite would contain 39.13 per 
amt aluminum, but as mined it amtains 
only 30 to 35 per cent of the metal. 

Bauxite is known to have wide occur- 
rence in the world. France and the United 
States have long been the leading pro- 
cluc*ers, but as a result of German war prep- 
arations, the annual bauxite production of 
Hungary exceedc*d that of the United States 
during the last half dozen years for which 
reliable data are available. During the 
war years, British Guiana and Surinam at- 
tained world leadership by a wide margin. 
Other important producers were and still 
are Yugoslavia, Italy, the East Indies, and 
the* Soviet Union. Valuable deposits are 
reputed to have been discovered in Spain 
and India, but commercial production is as 
yet on a small scale. 

In the United States, bauxite is known to 
occur in a number of places, the most im- 
portant being in Saline County, Arkansas, 
where more than 90 per cent of the total 
output of the country is mined. It is also 
found in Alabama, northern Georgia near 
Keensburg, and on the slopes of Missionary 
Ridge in Tennessee. The reserves of baux- 
ite in the United States are estimated to be 
26,600,000 tons of ore with content of alu- 
mina of 45 per cent or more and 21 million 
additional tons with alumina content of 30 
to 45 per cent.^ Alumina is expressed 
chemically as AI 2 O 3 . 

Uses of aluminum. The properties of 
aluminum that give it high inaustrial value 

^Burchard, E. F., "Bauxite Resources of the 
United States,” U. S. Bureau of Mines, Report of 
Investi {ration No, 3598, 1941. 


arc lightness, strength, electrical c'onductiv- 
ity, and resistance to corrosion. Metallic 
aluminum, weight for weight, is twice as 
good a conductor of electricity as is copper. 

The pure metal is comparatively soft and 
ductile, but where fused with other metals, 
the resulting alloy may have qualities com- 
parable with those of structural steel. A 
slight addition of copper to aluminum 
makes an alloy much stronger than either 



Bauxite. Average annual production 
in terms ot percentages by the principal 
countries of the world, 1940-1944. Note 
the high percentage rank of the United 
States and ob.servc from the map ( previ- 
ous Illustration) the one place in this 
country' that contributed this large pro- 
portion of aluminum ore. In 1948, Ar- 
kansas produced 1,429,000 tons of baux- 
ite, which was about 90 per cent of the 
total production of the United States that 
year. 


metal alone. Other elements commonly 
used in the commercial alloys of aluminum 
are magnesium, manganese, zinc, and iron. 

New uses for aluminum are c*ontinually 
being discovered, uses which carry it into 
the realms of manufacture of^furniture, ma- 
chinery, and electrical equipment. Among 
the most interesting developments in the 
use of aluminum are those associated with 
transportation, embracing all the principal 
branches on land, on sea, and in the air. 
Aluminum and its strong allojs have en- 
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tered into the construction of railroad 
equipment, freigh t containers, commercial 
truck bodiesrsmps, and airplanes. In re- 
cent years they have even entered the realm 
of heavy construction in the form of struc- 
tural metals for bridges and large buildings. 
From the standpoint of quantity of alumi- 
num used, the foundry and metal-working 


tially reduced costs of manufacture have 
placed aluminum ware within the reach of 
nearly all households and have opened up 
huge markets for such products. 

From 40 to 70 per cent of the bauxite 
output of the United States is used for tR(‘ 
extraction of aluminum. In addition, how- 
ever, bauxite enters directly into the manu- 



Bauxite. Average annual production during the pre-war years, 1935-1939, and the World War 11 
years, 1940-1944. Which country had the highest percentage and quantitative increase of bauxite 
production? What other western hemisphere sources ranked nearly as high? Which European sources 
actually produced less bauxite during the war period than during the pre-war years? 


industries rank second to the manufac- 
ture of transportation equipment. Approxi- 
mately half the weight of an airplane is 
due to aluminum. The electrical machin- 
ery industry is third in importance. It has 
been expanding rapidly in late years be- 
cause of the use of aluminum for electrical 
conductors for high-tension transmission 
lines, where aluminum steel-reinforced 
cables are standard construction. Substan- 


facture of abrasives and chemicals. In 
some years the abrasive and chemical in- 
dustries have used more than 60 per cent of 
the total output of this ore, but ordinarily 
bauxite is primarily valuable as the raw ma- 
terial for the manufacture of aluminum. 

Conversion of bauxite into aluminum. 
Where mined, bauxite is bulky and of low 
value in proportion to weight; hence it is 
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necessary to remove by chemical treatment 
most of the moisture and impurities before 
long and expensive freight haulage is un- 
dertaken. Where the bauxite is so located 
that it can be reached only by rail, such 
processes occur relatively near the mines. 
Where water haulage is possible, as is the 
case in Surinam and British Guiana, the 
ore can be shipped long distances to over- 
seas markets for smelting. In the United 
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bauxite mined where water haulage is not 
practicable will generally be treated and 
converted into alumina at points not distant 
from the mining operations, whereas in 
cases where water haulage from the mines 
is practicable, long ocean voyages may 
bring the ore to reduction points located at 
seaports, where it is converted into the con- 
centrated alumina. 

After chemical treatment and removal of 



Aluminum. Average annual production of principal countries during the pre-war and World War II 
years. Which country ranked first in aluminum production during the pre-war years? 


gtates. East St. Louis, Illinois, is one of the 
oldest centers for reducing bauxite into alu- 
mina. Reduction plants for converting 
bauxite to alumina have more recently been 
established at Hurricane Creek, Arkansas; 
Mobile and Lister Hill, Alabama; and 
Baton Rouge, Louisiana. Mobile and Baton 
Rouge, like East St. Louis, may receive 
bauxite from British Guiana and Surinam 
by water routes and thus avoid long rail 
haulage for the bulky raw material. It 
should be borne in mind, therefore, that 


impurities the product, alumina, is much 
lighter and more valuable than the bauxite 
from which it was derived. The output of 
alumina from the ore-reduction plants pro- 
vides the raw material used by the refining 
plants in the United States. In these plants 
alumina is reduced to refined metallic alu- 
minum. Conversion into metallic alumi- 
num involves removal of the chemically 
combined oxygen, a process comparable to 
the smelting of iron ore to pig iron. This 
conversion is accomplished by electrolytic 
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processes; and since heavy use of current is 
necessary, most of the refineries are located 
where cheap hydroelectricity is available. 
The most important reduction plants in 
North America are located at Alcoa, Tennes- 
see; Massena and Niagara, New York; Ra- 
dio, North Carolina; Vancouver and Spo- 
kane, Washington; Los Angeles, California; 
and Arvida, Quebec, Canada. 

The third step of manufacture is the 
shaping of the metal into the forms de- 
manded by the trade. The widely scat- 
tered factories engaged in this part of the 
production process obtain their bars of 
aluminum, known as jng altiminum, from 
the electrolytic reduction plants. 

Foreign sources of bauxite and alu- 
minum, Prior to 1940 France consistently 
held first plaw in the production of bauxite, 
acc'ounting for about 20 per cent of the 
world’s output. During the war years the 
United States, British Guiana, Surinam, 
and Hungary all expanded their output to 
an unprecedented degree, while French 
production showed little change (see Ulus, 
p. 464). 

It is significant, however, that a number 
of the leading bauxite-producing countries 
are not important producers of metallic 
aluminum. The reason is that the ore is 
generally transported to the great reduction 
centers, which are not always located 
within the ore-producing countries. Be- 
fore 1940 Germany and the United States 
were by far the major producers of alu- 
minum, each with an average annual pro- 
duction above 100,000 metric tons ( see Illus. 
p. 465). As a result of large-scale prep- 
aration for war during the period 1937- 
1939, Germany moved to first place with 
annual production of over 150,000 metric 
tons, although its sources of bauxite were 
mainly outside of Germany proper. The 
United States followed with an average of 
nearly 140,000 metric tons per year. Since 
1939 the production of the United States 
has expanded rapidly, as has that of Canada, 
which now ranks second among producers. 
In order of probable importance, these 


countries are followed by the Soviet Union, 
France, Norway, Italy, and Switzerland. 

Future outlook, Tlie large supplies of 
ore which are known to exist, the improve- 
ments in the methods of extraction, and a 
multitude of new uses make the outlook for 
the aluminum industry promising indeed. 
The tremendous expansion of the aircraft 
industry and the demands for strength, 
speed, and lightness in transportation 
equipment on land and sea seem to assure 
rapidly expanding products now and in the 
future. 

Lead 

The properties which make lead valuable 
are its softness, malleability, and resistance 
to corn)sion. It can easily be rolled or 
hammered into sheets but, unlike copper or 
iron, it lacks ductility — that is, it cannot 
b(* drawn out into fine thread or wire. Its 
resistance to corrosion makes it exception- 
ally valuable for plumbing fixtures, storage 
batteries, and for cable, so widely used 
in the telephone and telegraph iiidustri(\s. 
Since lead is the only one of 'the common 
metals which is unaffected by sulphuric 
acid, it is used in construction of linings of 
all kinds of apparatus used in the manu- 
facture of this important industrial chemi- 
cal. 

Large amounts of lead are converted into 
white lead, red lead, and litharge pigments, 
which are widely used in paints because of 
their high covering power and their resist- 
ance to weathering. During recent years 
more lead has been used for pigments than 
for any other purpose, with cable covering 
for electrical purposes easily in second 
place, followed in third place by its use in 
storage batteries. These are followed by 
numerous other uses which are less in quan- 
tity but nevertheless of great importance in 
modem life, such as solder, type metal, foil, 
collapsible tubes, chemicals, insecticides, 
and a host of others. In 1946 the percent- 
ages of lead used to meet major industrial 
demands were 32 per cent for paint pig- 
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ments, 13 por cent for cable coverings, 11 
per cent for storage batteries, 9 per cent 
for tetraethyl fluid, 6 per cent for solder, 5 
per c(Mit for pipes, traps, and bends, and 5 
pCT cent for sheet lead. Smaller percent- 
ages were used for numerous other pur- 
poses. These various uses help us to un- 
derstand the importance of lead in modern 
industry. For many of them there are no 
satisfactory substitutes, and therefore the 



Lead. Average annual mine production of re- 
coverable lead by principal districts, 1924-1929. 


lead-producing countries find a ready world 
market for their output. 

Geographic distribution of lead ores. 
The most important lead ore is a chemical 
combination of lead and sulphur known as 
galena, which, when pure, contains 86.4 
per cent of metallic lead. It can readily be 
recognized by its weight and its tendency to 
occur in regular, cubic crystals. As mined. 



Lead. Average annual mine production of re- 
coverable lead by principal districts, 1941-1945. 
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(A.) Lead. Average annual mine production of recoverable lead in the United States during the 
5-year periods indicated Note that (piaiitity of production even during World War 11 did not reach 
figures as high as were attained in 1925-1929. 

however, gfilena is associated with impuri- tinent seems to have some deposits of po- 
ties and with other metals, thus reducing tential value (see Ulus, below). The fore- 
seriously the metallic content of the lead in most producing centers outside the United 
the ore. States are in Canada, Mexic'O, Germany, 

Lead ore is widely distributed; every con- Spain, and Australia. The United States 


YEAR 


100,000 200,000 300,000 400,000 500,000 600,000 700,000 800,000 

PRODUCTION IN SHORT TONS 



(B.) Lead. Average annual world production of leading countries during the prewar and war years. 
What important shifts in production appear to be evident? 
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in recent years has smelted from 20 to 25 
per cent of the world’s lead, although in 
earlier years its share was even larger. 

Lead output of the United States. In 
the United States the foremost lead-pro- 
ducing center is in southeastern Missouri, 
where mining has long been in progress. 
Ranking next in importance to southeastern 
Missouri is the Coeur d’Alene region of 
Idaho. Third place as a center of produc- 
tion is in southwestern Missouri and in the 
adjacent sections of Oklahoma and Kansas, 
where considerable quantities of ore have 
long been produced in the area ordinarily 
referred to as the Tri-State region. Other 
centers of high production are in the Bing- 
ham and Park City districts of Utah; smaller 
centers have long held considerable promi- 
nence in Montana, Colorado, and Arizona. 

The total output of refined primary lead 
in the United States in late years has fluctu- 
ated from a high mark of 580,000 short tons 
in 1942 to 338,000 short tons in 1946, and a 
moderate post war recovery to 387,000 
short tons in 1948. The fluctuations in 
mine production of recoverable lead are 
graphically depicted in Ulus. A, p. 468, 
wherein the c*onditions prevailing during 
the boom period of the late twenties stands 
out in sharp contrast to the depression of the 
early thirties. It should also be noted that 
the war years, 1940-1944, failed to equal the 
1925-1929 period. The failure to induce 
sharp expansion of lead output in the 
United States under the demands of World 
War II appears to indicate reduction of 
readily available reserves, a condition that 
seems to be world wide'. 

Lead output of foreign countries: 
Mexico. The production of lead in Mexico 
has varied greatly during the past thirty 
years. Prior to 1913, under a stable but 
despotic government the country had be- 
come an important producer. Because of 
the unsettled conditions which then set in, 
production declined to a very low level in 
1916. Since that time the trend has been 
upward, and Mexico has taken second place 
among the countries of the world with out- 


put generally ranging from 140,000 to more 
than 200,000 tons per year. At the present 
time, the second place in any one year may 
be taken by Mexico, Australia, or Canada. 
The lead industry of Mexico is financed in 
large measure by American capital and a 
large percentage of the exports are sent to 
the United States. 

Canada. The lead output of Canada in- 
creased steadily during the prewar years 
but made little additional advance during 
World War II (see Ulus. B, p. 468). The 
greater part of the production is in British 
Columbia, which accounts for approxi- 
mately 95 per cent of the total output of the 
Dominion. Small quantities of lead are 
produc^ed in the provinces of Nova Scotia 
and Ontario. Canada has the advantage of 
large capital resources from Europe and the 
United States and of intimate commercial 
relations with the other parts of the British 
Empire. Furthermore, cheap power is 
available in the producing areas, a factor 
highly favorable to the mining and smelting 
operations. Ore reserves which appear to 
be sufficient to produce lead at the rate of 
180,000 tons per year for 25 years are 
claimed to have been proved. If further 
exploratory work should demonstrate this 
to be the case, Canada will undoubtedly 
hold its place as one of the great lead-pro- 
ducing countries. 

Austraua. Australia has been an im- 
portant lead producer for a number of years 
and has recently vied with Mexico and 
Canada for second place among lead-pro- 
ducing nations. The output declined dur- 
ing the war years (see Ulus. B, p. 468) and 
the trend continued downward during the 
early postwar period. There seems no 
question that ample ore reserves exist, the 
principal ones having been reported in 
Queensland and in the Broken Hill area of 
New South Wales. Australia seems as- 
sured of permanent importance in lead pro- 
duction, but it appears unlikely that any 
largely increased output will occur in the 
near future because of the diflBculty of com- 
peting with the production centers located 
closed to the great industrial areas. World 
demand is increasing so rapidly that compe- 
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tition with other producing centers may not 
continue to be significant. 

Germany. Germany has the distinct ad- 
vantage of having an abundant supply of 
fuel for smelting and refining and, under 
ordinary peacetime conditions, she holds a 
highly favorable trade position in European 
markets. Cheap fuel, nearness to centers of 
amsumption, splendid transportation facili- 
ties, and efficient marketing organizations 
are advantageous factors. Smelter produc- 
tion of lead in Germany and Austria was 
greatly expanded during the prewar years 
under the pressure of increasing armament 
and for general industrial purposes. From 
about 100,000 tons of smelter production in 
1929, Germany’s output increased to 179,- 
000 tons in 1939. Unsettled postwar con- 
ditions served to discourage and almost 
destroy the lead-smelting industry. While 
this period of disaster was followed by 
gradual increase in output of lead, the 
trends of the near future can hardly be fore- 
cast because military control and political 
polici('s are certain to be controlling condi- 
tions during the years immediately ahead. 

Spain. (See Ulus. p. 467). The lead 
mines of Spain have been operated for a 
long time and costs are such that when 
world prices are low production at a profit 
appears impossible. As a result of inability 
to meet competition in the large world mar- 
kets, the production of lead in Spain has 
shown a slow downward trend, a trend 
which was accelerated by internal strife 
and the general economic conditions re- 
sulting therefrom. In the years preceding 
1940, Spain contributed only a few per cent 
to world smelter production; but during the 
war period, under the incentive of high 
prices, output was nearly doubled. After 
1941 the decline was sharp — ^from 47,000 
metric tons to 31,000 metric tons — while 
at present it appears to be fairly well stabi- 
lized. 

International trade. On the whole, the 
New World is the principal source of lead 
exports and the Old World is the principal 
market. Europe produces less than one- 
half of the lead it needs and therefore de- 


pends upon outside sources for supplies to 
make up the deficiency. Ordinarily the 
United Kingdom is the foremost foreign 
market for lead exports from the United 
States, and it is followed closely by Ger- 
many, France, and Japan. 

Inasmuch as the uses of lead arc so uni- 
versal in the industrial world that no coun- 
try can dispense with this metal, the present 
situation in foreign trade is not likely to 
undergo any radical change in the near fu- 
ture. However, in this summary, as in the 
case of the other important metals, the 
status of the Soviet Union cannot be given 
with any assurance of accuracy. It is be- 
lieved that Russia has large and important 
stores of lead ore and that she is making 
rapid progress in mining, .smelting, and re- 
fining, and also in the manulactiire of thi' 
numerous products into which lead enters. 
The dearth of statistical material is impres- 
sive, particularly in view of the fact that 
other nations publish their output and even 
their estimates of reserxes, thus making 
them available to the Sovi(‘t Ibiion in com- 
mon with the rest of the world. 

Zinc 

/ 

Zinc is a soft, white metal with a melting 
point of about 788‘’F. and a boiling point 
of 1680°F. Although brittle at ordinary 
temperatures, it becomes malleable at 
about 250°F. and can be rolled into sheets 
at that temperature. Be^cause of its low 
boiling point, special processes of smelting 
the ore had to be devised to capture the 
fumes of metallic zinc and condense them 
into solid metal. Zinc ore, like copper ore, 
depends on coal for smelting and upon low- 
est electric power for refining. 

Zinc occurs in a wide variety of minerals, 
but the ores of commercial value are chiefly 
sulphides, of which sphalerite (ZnS) is the 
most important. Most sphalerite ore con- 
tains from 4 or 5 to 20 per cent zinc and 
must be concentrated by gravity mills or 
flotation processes before it is ready for the 
smelters. 

The properties which make zinc particu- 
larly valuable are its resistanc*e to oxidatiou 2 
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its malleability, and its chemical properties, 
which give it high place in the manufacture 
of numerous alloys and pigments. In the 
United States zinc is used principally for 
making brass, galvanizing, zinc base alloy, 
and rolled zinc. For the period 1940-1946, 
38 per cent of the zinc consumption was 
used for brass, 36 per cent for galvanizing, 
14 p(T cent for zinc base alloy, and 9 per 
cent for rolled zinc. 

Galvanizing is a process of covering sheet 
iron or steel with a thin coating of zinc; 
iron sheets so treated resist rust, and thus 



( A. ) Zinc Average annual mine produc- 
tion of recoverable zinc in terms of percent- 
ages by areas and states, 1925-1929. 


their life is greatly prolonged. Brass is an 
alloy of zinc and c'opper in various pro- 
portions, but ordinarily it consists of from 
66 to 83 parts copper and 34 to 17 parts 
zinc. Zinc enters largely into the manu- 
facture of electric batteries, imitation gold, 
and so-called German silver. Furthermore, 
chemical compounds of zinc are used in the 
manufacture of paints and rubber tires and 
also as preservatives of wood. 

Geographical distribution of zinc ore. 
Sphalerite, when pure, contains about 67 
per cent metallic zinc. It is often associ- 


ated with ores of other metals, especially 
lead, and many of the zinc-producing dis- 
tricts of the world practically coincide with 
lead districts (see Ulus. p. 467). Although 
zinc mining is scattered widely over the 
world, the largest part of the output is fur- 
nished by a comparatively small number of 
places, with the United States producing 
ordinarily up to 40 or 50 per cent of the 
total. 

Zinc output of the United States, The 
Tri-State district, embracing northeastern 



5 5% 

( B. ) Zinc. Average annual mine produc- 
tion in tenns of percentages by areas and 
states, 1941-1945. What important cfiangc 
is noted in the Tri-State area? Which of the 
western states have increased their percent- 
age position in marked degree? 

Oklahoma and the adjacent parts of Kansas 
and Missouri along the margin of the Ozark 
uplift, has for some time been the foremost 
center of zinc mining in the United States, 
producing up to 40 per cent of the output 
of the entire country. Joplin, Missouri, is 
often referred to as the ‘^inc Capital of 
America.” Zinc ores almost free from lead 
occur in New Jersey, the principal zinc- 
mining state of eastern United States, and 
this distric*t, whose yearly output has given 
the state second place for a number of 
years, is an exception to the prevalent as- 
sociation of zinc ores with those of lead. 




(A.) Zinc. Annual mine production of recoverable zinc in the United States since 1910, Account for tlie 
high paints in tlie curve and also the low points. 
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(B. ) Zinc. Average annual world smelter production by principal countries, 1938-1939 and 1940-1944. 
What reasons may be suggested for the slight increase in production shown by a number of the countries 
during the war period? How does one account for the marked decrease in smelter production shown 
by Belgium? 





GEOGRAPHICAL DISTRIBUTION AND INDUSTRIAL IMPORTANCE 473 


In the Rocky Mountains, zinc is found in 
complex ores which also often C'Oiitaiii lead, 
silver, manganese, and gold. Idaho, Utah, 
Montana, and Arizona are the states lead- 
ing in production in this area. In recent 
years, Idaho has increased its output rapidly 
and has taken first place, while in Oklahoma 
persistent decline since 1941 reduced that 
state to fifth place in 1948. 

The annual production of metallic zinc 
in the United States during the past decade 
has ranged from about 450,000 tons to a 
maximum of 768,000 tons. The Tri-State 
district, New Jersey, Idaho, and Utah are 
the outstanding producers of recoverable 
zinc from mining output. The trend in 
recent years has been marked by decline 
in the Tri-State district and increase in the 
western states. 

Foreign production. In recent years 
Canada has ranked second in output and 
thus has become established as one of the 
large zinc producers among the nations of 
the world. The bulk of the production is 
derived from British Columbia and the Flin 
Flon region north of Lake Winnipeg. 
While the extent of the ore resources is 
not well known, it is believed that large re- 
serves exist and that Canada can sustain 
an annual output of 200,000 tons for some 
years. See map on p. 467. 

Mexico’s output of zinc is largely de- 
rived as a by-product from the lead-silver 
mines of the country, and it seems probable 
that a yearly production of 30,000 to 50,000 
tons may be expected during the years 
ahead. Fluctuation will probably depend 
largely upon changing, industrial activity 
abroad, as well as within Mexico. 

In Europe, zinc ore is mined on a fairly 
large scale in Poland, France, Germany, 
Yugoslavia, Italy, and some other countries. 
The outstanding center was in Upper Sile- 
sia, a district in southeastern Germany and 
southwestern Poland. 

Belgium is usually credited with a large 
output of metallic zinc, most of which is 
derived from imported ores and concen- 
trates. The total output of zinc from the 
Belgian furnaces has approximated 6 per 


cent of the world’s total in recent years. 
Belgium is well located as to markets, well 
supplied with fuel resources, and well 
provided with mechanically skilled labor. 

These factors, considered together with 
the existence of an old and well-established 
refining industry based originally upon the 
ores of the Moresnet region of northeastern 
Belgium, have led to the development of 
a great refining industry which draws upon 
the ores from many countries for its raw 
materials. In recent years Italy, Australia, 
and Mexico have furnished a large portion, 
and even the United States has contributed 
by furnishing concentrates to be refined and 
milled in Belgian plants. 

In Germany, the principal zinc produc'- 
tion occurs in Upper Silesia. The statis- 
tical position of the country was impaired 
when the smelting and refining plants were 
granted to Poland at the close of World 
War I. Thus, the control of marketing the 
zinc passed out of the hands of the German 
producers and zinc ores had to be exported 
from German Silesia to the neighboring 
Polish smelters until German-owned smelt- 
ers could be erected. The smelters of 
western Germany are supplied partly by 
import(*d ore. The future is clouded by 
political uncertainties which may not be 
resolved for several years. 

During the past decades Poland has been 
credited with about 7 per cent of the 
world’s zinc production (see Ulus. B, p. 
472). Considerable amounts of American 
capital were invested in the Polish works, 
and modernization of smelters was under- 
taken in order to increase their capacities 
and bring about greater economy of opera- 
tion. After World War I, Poland faced the 
handicap of having to take over smelters 
without having full control over the ore re- 
serves necessary for their successful opera- 
tion. However, with the aid of American 
and other foreign capital, it became possible 
to introduce modern improvements. With 
imports of ore, mostly from Germany, to 
supplement the domestic production, the 
zinc industry was kept running at a prof- 
itable level. 

France is credited with substantial 
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smelter output but produces virtually no 
zinc ore within her own borders. Her 
smelters are reported to have a potential 
capacity of 90,000 tons per year, but they 
have operated on a part-time basis with an 
actual output of 20,000 to 30,000 tons. The 
ore is imported from Mexico, Spain, Tur- 
key, Sweden, and other sources. 

During the prewar years, 1935-1939, Italy 
produced considerable zinc ore for export 
because her mine production greatly ex- 
ceeded her sinelter capacity. Ore was 
shipped to Belgium, Poland, France, and 
Germany. Mining activities, severely dis- 
rupted by World War II, are gradually being 
resumed, and the trend of output may be 


able supplies of North America and Europe. 
This remoteness and the lack of easily ac- 
cessible high-grade fuels are serious draw- 
backs to the development of the zinc re- 
sources of that country. 

In the case of zinc, as with most other 
important mineral resources and industries, 
information concerning the status of opera- 
tions and of known reserves in the Soviet 
Union is lacking. However, that some ex- 
ploitation is in progress and that reserves 
of zinc ore exist are well-known facts. Es- 
timates of reserves thus far made can at 
best be classified only as guesses meagerly 
supported by actual infonnation. It is to 
be expected, however, that if and when the 



Till, Annual world mine production since 1922. 


expected to continue upward at a moderate 
pace until the prewar status is reached. 

The United Kingdom maintained a 
smelter output of 60,000 to 70,000 tons of 
zinc throughout the war years. The early 
postwar period maintained about the same 
output, largely on the basis of imports of 
ore, and the trend appears to be quite 
stable. There seems little likelihood of any 
pronounced change during the years im- 
mediately ahead. 

Other centers of zinc production. The 
principal zinc-mining center of Australia is 
near Broken Hill, New South Wales (see 
Ulus. p. 467). Australia lacks close contact 
with world markets and hence feels keenly 
the competition of the more readily avail- 


iron curtain is lifted the Soviet Union will 
probably emerge as a country self-sufficient 
in its production of metallic zinc and its 
products, and with reserves sufficient to 
support the industrial requirements of the 
nation. 

Tin 

For many centuries, tin was prized be- 
cause when fused with copper it made 
bronze, a metal then greatly in demand. 
Several centuries before the dawn of the 
Christian era tin was mined in the Cornwall 
district of southwestern England. The im- 
portance of this district, long the chief 
source of the world’s tin, is indicated by 
the fact that careful students have esti- 
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mated its total output from 500 b.c. to a.d. enters extensively into the manufacture of 
1800 at about 2,500,000 tons. Another ini- tin plate for a wide variety of usages rang- 
portant source of tin for many centuries has ing from food containers to metal roofs. It 
been the finger-shaped peninsula of south- is used also in the manufacture of solder, 
eastern Asia known as Malaya. It is es- bronze, type metal, babbitt metal for bcar- 
timated that more than a million tons of tin ings, and tinfoil for collapsible tubes, 
were obtained from this source before 1800. The growing use of tin plate in the manu- 
Until comparatively recent times, Cornwall facture of tin cans for preservation of foods 
and Malaya furnished nearly the entire tin has been an important factor in the growth 
supply of the world. of the tin industry since 1900. At first the 

Since 1800 the production of tin has been method of preserving foodstuflFs in tin cans 



Tin. Average annual world mine production, 1935-1939 and 1940-1944. How account for the de- 
crease in production indicated for China and Siam in contrast with the increase shown for most ol the 
countries during the war period? 

expanding at an increasing rate. During won favor slowly because people thought 
the past twenty-five years about as much that there was danger of poisoning through 
tin has been mined as during the entire pre- the corrosion of the metal. As a matter of 
ceding one hundred years, a convincing in- fact, the spoiling which occurred in canned 
dex of its increased usefulness in the indus- products was due to poor methods of can- 
trial arts of the world. sealing the cans, and not to any 

fault of the tin. Another handicap was the 
Present uses of tin. The uses of tin are cost of the cans. Until the invention of 
based largely on its resistance to rust and the stamp machine by Allen Taylor in 1847, 
decay. It is affected but slightly by air or the making of cans was a hand industry, and 
moisture, and it is so resistant to many the be.st tin worker could make only about 
acids, both organic and inorganic, that it sixty cans a day. This has been changed 
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so that tin cans are now made rapidly and 
at amazingly low costs. With machine 
methods of manufacture as well as of can- 
ning and sealing, and with increased knowl- 
edge of the limits of safety connected with 
this mode of food preservation, the entire 
tin industry has felt the spur of rapid 
progress. 

Tin plate is made by coating steel sheets 
with pure tin, the practice being to use 
about one pound of tin in making 200 
square feet of tin plate. Another impor- 
tant use is in the manufacture of terneplate. 



Tin. Average annual mine production 
during 1940-1944, expressed in percent- 
ages of the world total, by principal pro- 
ducing countries. What three countries 
rank higliest in mine production of tin 
and what three centers of tin production 
may be said to characterize the world 
picture? 

similar to tin plate except that the coating 
consists of an alloy of lead and tin instead 
of pure tin. Terneplate is used for roofing, 
for gasoline tanks for automobiles, and for 
other nonfood containers. In the United 
States, the manufacture of the two prod- 
ucts, tin plate and terneplate, accounts usu- 
ally for over 40 per cent of the virgin tin 
consumed annually. 

The world*s sources of tin. Tin is a 
comparatively rare metal, a fact which 
many overlook because of the cheapness of 
tin plate and the resulting extensive use of 
tin cans. The annual world output of tin 


varies from 140,000 to 200,000 metric tons, a 
small quantity in comparison with that of 
zinc and lead, each of which ordinarily ex- 
ceeds li million tons. The bulk of the? 
world's supply is furnished by the mines of 
three centers: the Malay States, the East 
Indie.Sj.and Bolivia. A few other areas pro- 
duce tin in sizable quantities and have pros- 
pects of further increasing their output; this 
is partieiilarly true of the Belgian Congo, 
Nigeria, Siam, and China, where fairly 
large bodies of tin ore have been reported 
to exist but where exploitation has not y(‘t 
been pushed vigorously (see Ulus. p. 475). 
Cornwall, the ancient world center, now 
produees less than 1 per cent of the world 
total, and there seems little probability of 
any improv^einent in its position. The 
United States is almost laeking in tin or 
tin ore and therefore is dependent entirely 
upon foreign sources for its supply. This 
dependence is keenly felt because the coun- 
try consumes far more tin per year than is 
true of any other country in the world. 

Most of the ore mined in Malaya and in 
the East Indies Js reduced to metallic fonn 
in smelters in Singapore and on the Island 
of Banka, whereas the ores mined in Nige- 
ria are concentrated near th^ mines and are 
then shipped to smelters in Liverpool and 
Redruth, Cornwall, England, to be con- 
verted into refined tin. Through owner- 
ship and operation of the smelters, the pro- 
duction of primary tin is controlled almost 
entirely by British and Netherlands capital 
interests. In this country a large new tin 
smelter has been erected and is in opera- 
tion in Texas City, Texas, to take care of Bo- 
livian and such other ores as may be sent 
to it for conversion into refined tin. 

Outlook for the future. The decade 
1935-1945 was marked by two distinct 
phases of activity, prewar and war. Since 
tin is an essential in the manufacture of war 
machinery and munitions, the requirements 
of the western world upon its one depend- 
able source were heavy, a fact depicted on 
pages 474 and 475. The sharp increase 
in production and percentage shown by Bo- 
livia is readily explained by the needs, par- 
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ticularly of the United States, and this was 
similarly true of the requirements of the 
British for the tin produced in Nigeria and 
the Belgian Congo. 

Prospecting during the past two decades 
has indicated possibilities of important tin 
ore bodies in Africa, the Soviet Union, and 
Argentina. That further exploratory work 
will be pushed vigorously whenever market 


and the output will probably continue to 
be an important source of supply for the 
United States. On the whole, therefore, in 
the light of present knowledge, there ap- 
pear to be three great centers of tin output: 
Malaya and the East Indies in the premier 
position, followed by the more newly de- 
veloped deposits of Africa and the com- 
paratively stable output to be expected 



conditions warrant seems assured, and val- 
uable reserves may be found; but for many 
years to come British Malaya and the west- 
ern islands of the East Indies will probably 
remain the foreinost source of primary tin. 
In Africa, exploitation in Nigeria and in the 
Belgian Congo seems to promise continued 
substantial output. In the Western Hemi- 
sphere, Bolivia appears certain of maintain- 
ing its leadership for the foreseeable future, 


from Bolivia. There does not appear to be 
any probability of change of leadership 
either in centers of output or in capital con- 
trol for some time. 

Magnesium 

Magnesium is the lightest and youngest 
of the structural metals. It is described 
chemically as an element of silvery white 
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appearance with specific gravity about one- 
fifth that of copper and only two-thirds that 
of aluminum. It was first derived as a pure 
metal by Robert Bunsen, a German chem- 
ist, in 1852, and its early development on 
an industrial basis occurred in Germany as 
a by-product of the potash industry. Its 
properties of burning readily and giving off 
brilliant light made it valuable in photogra- 
phy and other chemical industries. 

Although nuignesium is rea)gnized as the 
third most common industrial metal, ex- 
ceeded only by iron and aluminum, not 
until recently was it possible to separate it 
from its a)mpouiids except at high cost. 
As the qualities of magnesium became more 
fully understood and its importance as a 
light metal for alloys and as an illuminant 
for flares and tracer bullets became appre- 
ciated, huge sums were spent for research 
and for technical processes by which mass 
production at low cost could be made pos- 
sible. How well this paid off is shown by 
the price changes. During World War I 
magnesium sold at $5 per pound; in 1928 
the price had dropped to 55 cents per 
pound; and during World War II the price 
was pegged at 20 J cents per pound in the 
United States. 

Occurrence of magnesium. Magne- 
sium is a component of a number of min- 
erals and rocks, and it occurs as a chemical 
compound in sea water. Magnesite is a 
carbonate of magnesium, which is of wide 
distribution and is used in furnace linings 
as a refractory, that is, as a resistant to fu- 
sion under high temperatures. Dolomite, 
a lime-magnesium carbonate, is a rock from 
which magnesium is derived at moderate 
expense. The stores of dolomite over the 
world are so abundant that scarcity need 
never be feared. The newest development 
is that of obtaining magnesium by treating 
ocean waters, and huge plants have been 
built and placed in operation at Freeport 
and Velasco, Texas. In ocean brines it is 
reported that 4 out of 1,000 parts consist 
of magnesium chloride. That implies, of 
course, that tremendous quantities of water 
must be treated in order to obtain sizable 


quantities of metallic magnesium. Meth- 
ods of extraction and refining were devised 
whereby from these several sources the pro- 
duction of magnesium in the United States 
expanded at a phenomenal rate during the 
early years of World War II to a peak of 
183,584 tons in 1943 (see Ulus. p. 477). 

Uses of magnesium. Although brittle 
and of little use directly for structural pur- 



Magnesiuni. Graphic illustration of world 
pn)ducti()ii since 1937. In view of newly dis- 
covered uses for which magnesium seems to be 
adapted, what change in trend may be expected 
to follow 1946? 

poses, magnesium as an alloy with alumi- 
mun, zinc, and other metals adds strength 
with low weight. The principal uses oi 
magne.sium as a metal during wartime was 
for flares, incendiaries, powder, and chem- 
icals. In general, these uses taken collec- 
tively constitute less than 50 per cent of the 
total magnesium consumed, and in some 
years less than 25 per cent of the total. 
Structural products are made up of alloys 
of magnesium and aluminum, zinc, and 
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other metals, and consist of such materials 
as sheet metal, tubing, rods, castings, and 
structural shapes. The most important 
uses of the magnesium alloys are in the 
manufacture of aircraft where light weight 
combined with strength constitutes the very 
essence of success in construction. Other 
uses are in the manufacture of automobiles, 
railway cars, buildings, and furniture of 
\ arious kinds. Since sources of supply are 
virtually inexhaustible, progress in use will 
d(‘pend upon development of skill and 
economy of output in competition with 
other available materials. 

During the* war years, 1942-1945, mag- 
nesium shipments comprised 44 per cent 
for production of aircraft, 34 per cent for 
incendiaries, 12 per cent for other military 
uses, principally trac'er and incendiary am- 
munition, and the remaining 10 per cent 
largely for aluminum alloys. In the year 
of highest plane output, 1944, when heavy 
planes were dominant, the records show 
that as a general average more than half a 
ton of magnesium was used in the construc- 
tion of each plane. 

Production of magnesium in the United 
States, The production of magnesium in 
^he United States made a feeble beginning 
in connection with World War I but reached 
an output of only 142 short tons in 1918. 
During the following decade production 
was almost nil; but during the 1930\s, under 
the incentive of new techniques, production 
began a slow rise to 3,350 tons reached in 
1939. Then, however, war demands for 
military equipment from flares to planes, 
supported by security measures sponsored 
by the federal government, induced un- 
precedented expansion to the 183,584-ton 
peak in 1943 (see Ulus. p. 477). With re- 
duced military needs, the decline during the 
following three years was almost as precipi- 
tous as the rise following 1939. The curve 
of production from 1937-1946 is evidence of 
the significance of magnesium as a war re- 
source but not as a resource useful in peace- 
time. 

To meet the need for strength and light 
weight so characteristic of transportation on 


land and in the air, magnesium promises to 
serve a highly useful purpose. The quality 
of the metal and its alloys is being improved 
steadily as research reveals the causes and 
conditions that betoken weakness. With 
improved metliods of production and tech- 
niques of manufacture for greater strength 
and efficiency, magnesium seems c‘ertain to 
rise to prominence as an industrial metal in 
this anintry. 

Magnesium in foreign countries. The 
curve of world production shows the .same 
chamcteristics as does the curve for the 
United States, and for the same reason ( see 
Ulus. p. 478). Magnesium thus far has 
bec'n largely a war metal. Germany, early 
preparing for war, dominated the world out- 
put until war became a reality in 1939 and 
even during the first two years of the world 
conflict produced nearly one-half of the 
world total (see Illus. p. 477). Statistics as 
published for the Soviet Union are but 
guesses, possibly intelligent guesses, but one 
wonders how nearly accurate they may be. 

Outlook for the future. As efficiency 
of transportation increases, the demand 
must center upon light weight without loss 
of needed strength just as emphatically as it 
has upon engine efficiency to date. Metal- 
lurgy will bear the responsibility of res(*arch 
to learn how to improve the quality of 
metallic magnesium and of its alloys. En- 
gineering faces the responsibility of learn- 
ing and applying the “know how,” the skills 
necessary to make use of the tmths dis- 
covered through metallurgical research. 
On this basis we may have confidence that 
the boundless ocean will contribute out of 
its abundance magnesium to make better 
living on the land and more efficient trans- 
portation through the air. 
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Chapter Twenty'seven 


THE DEVELOPMENT OF INDUSTRIAL REGIONS 


Very few of the things that we 
c'Onsume or use are produced by Nature in 
the form in which we use them. The 
cotton, wheat, petroleum, and ores that 
have been discussed in the preceding chap- 
ters would be of little use to us in their 
original fonns. Not until the cotton has 
been spun into thread, woven into cloth, 
and cut and sewed into clothing can we get 
dressed in the morning. Not until the 
wheat has been ground into flour and baked 
into bread can we have toast for breakfast. 
The processes by which raw materials or 
partly finished materials are converted into 
more usable lorms are known as manufac- 
turing, Like other industries that create 
“form utility,*’ such as agriculture, mining, 
and forestry, manufacturing involves the 
application of labor and capital to natural 
resources.^ 

Importance of manufacturing. Manu- 
facturing is the leading industry of the 
United States and its prominence is still in- 
creasing. It produces about one-fourth of 
our national income and employs about one- 
fourth of the workers. In his state-of-the- 
union address to Congress in 1949, the 
President of the United States said: “Since 
the boom year of 1929, while our population 
has increased by only 20 per cent, our agri- 

' The term industry is often used to denote manu- 
facturing; the U. S. Census Bureau and many 
economists use it to denote any occupation, includ- 
ing even agriculture. 


cultural production has increased by 45 per 
cent, and our industrial production has in- 
creased by 75 per cent.** The accompany- 

Table XIII 


National Income of the United 
States, by Industrial Origin 
(net value added, in millions of dollars) 



1929 

1933 

1939 

1918 

'^Manufacturing 

22,012 

7,563 

17,936 

47,653 

I'rade, wholesale 
and retail . 

13,090 

.5,375 

i2,r2fi 

32,841 

Govcrnnienl and 
government 
enterprises 
(federal, state, 
local) 

-Mli 

5,349 

8,5.50 

23,019 

•Agriculture, for- 
estry, and fish- 
ing (all but 2% 
from farms) . 

8,002 

3,521 

6,120 

18,549 

Scrxuce 

10,1G8 

5,447 

8,080 

17,020 

Finance, insurance, 
and real estate 

13,098 

5,681 

8,216 

14,753 

Transportation 

0,562 

2,958 

4,.543 

10,202 

•Contract construc- 
tion . . . 

3,691 

735 

2,254 

6,063 

Communications 
and public 
utilities 

2,878 

2,000 

2,863 

4,747 

•Mining 

2,097 

662 

1,601 

3,118 

From rest of tlie 
world . . 

643 

293 

243 

239 

Total 

00 

39,584 

72,.532 

178,204 


Source: Statistical Abstract of the United States, 
1948, 
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ing table expresses the relative rank of 
each of the broad occupation groups of the 
United States in certain years in terms of 
value added by each group rather than 
in terms of physical output. 

The starred groups in the Table are the 
ones devoted primarily to the production of 
form utility. At the time of the 1940 cen- 
sus, 48.7 per cent of the gainfully employed 
people of the United States fourteen years 


tion industries, whereas others do not. Just 
before the war, the percentages of workers 
employed in the manufacturing and mining 
industries were as follows: England and 
Wales, 48.2 per cent; Germany (old bound- 
aries), 40.6 per cent; France, 35.1 per cent; 
Italy, 28.7 per cent; and Australia, 36.3 per 
cent. 

In view of the importance of the manu- 
facturing industry in the life of the in- 



Principal incliistriul districts of eastern 

1 . Pittsburgh-Wlieeliiig-Cleveland 

2. New York-Philadelphia-Baltiniore 

3. Soudiern New England 

4. Detroit 

5. Southern Lake Michigan 

6. Southern Piedmont 

7. Seottisli Lowland 

8. Newcastle 

9. East Pennine 


United States and western Europe 

10. Midlands 

11. Lancashire 

12. South Wales 

13. Northern France-Belgiiim 

14. Ruhr 

15. Saxony-Bohemia 

16. Sile.sia 

17. Swiss Plateau 

18. Northern Italy 


old or older were in these basic industries: 
manufacturing, 23.4 per cent; agriculture, 
18.5 per cent; construction, 4.6 per cent; 
mining, 2.0 per cent; and forestry, 0.2 per 
cent. 

In the other industrial countries of the 
world the preponderance of manufacturing 
is similar to that in the United States. 
Exact comparison of figures is not possible, 
because of differences in census definitions 
of “manufacturing”; many countries, for ex- 
ample, include construction and transporta- 


dividual and of the world, geographic 
questions such as the following are of vital 
interest: Where are the principal manufac- 
turing areas of the world situated? Why did 
they develop in these places? What differ- 
ences are there in the locations of different 
industries? What changes are occurring in 
the location of industries? The following 
pages will deal with such questions. 

The bases of world industrial location. 
A glance act a map such as that shown above 
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reveals at once the uneven and spotlike 
distribution of inanufacturing districts The* 
distribution pattern is an orderly one, 
not developed haphazardly as it might ap- 
pear at first glance. A reference to maps 
showing distribution of population and of 
coal (pages 16 and 366) indicates that 
inanufacturing has some regional relation- 
ships with natural resources and cultural 
phenomena. These relationships have var- 
ied in the course of time. 

In the period before the widespread use 
of power-driven machinery, when small- 
scale industry conducted on a handicraft 
basis was the rule*, manufacturing could be 
carried on profitably even in small aim- 
munities, and it depended chiefly upon lo- 
c*al availability of raw materials or proxim- 
ity to a port through which raw materials 
could be obtained from a distance. When 
water power came into use for operating 
machinery, streams with modest falls be- 
came favored sites for industry. With the 
advent of mineral fuel as the chief source 
of power, regional manufacturing enter- 
prises attained their present-day status. 

Even today, however, much of the 
world’s population still is on a handicraft 
manufacturing basis, notably in China, 
southeastern Asia„ Africa, and large tracts 
of South America. The United Nations, 
Department of Economic Affairs, rc*ported 
in 1948 that there is a universal desire on 
th(* part of the underdeveloped countries to 
increase their industrialization so as to in- 
crease their national incomes by processing 
their own raw materials and, in some in- 
stances, to make themselves less dependent 
upon outside sources in ease of wars. 

The industrialized c'ountries, too, feel the 
need for further development of their man- 
ufacturing: in Europe, because of war dev- 
astation of factories, and in the United 
States, because our productive facilities 
have not kept pace in all fields with our 
people’s wants and with our desire to help 
supply Europe’s deficiencies. The Eco- 
nomic Report of the President in 1948 
stressed that in this country the reserve 
capacity of many of our basic industries, 
such as petroleum refining, steel, electricity, 


coke, and Portland cement, is nearly gone. 
A dependable reserve* capacity for elt*c- 
tricity, for example, is normally at least 15 
per cent of peak load; but by the end of 
1947 the ri*ser\e cajDacity had dwindled to 
less than 1 j)er cent for the whole c*ountry, 
and in some parts of the country there were 
acute shortages. Under such circum.stanc't's 
an unexpected natural development may 
c*ause near-disaster, like the water shortage 
and resulting electricity “brownout” in Cal- 
ifornia in the winter of 1947-1948. With the 
greatest industrial nation on earth so 
pressed by inadequacies in its industrial 
plants, we can readily undestand the crav- 
ing for industrial development among the 
less industrialized countries. 

Factors favoring localization of manu- 
facturing» Modern manufacturing must 
have raw materials, sources of mechanical 
power, a labor supply, and machin(*ry. It 
must also have* a market in which the final 
product can b(* consunu*d. The choic*e of 
localities for the establishment of manu- 
facturing centers is less restricted than the 
choice of locations for obtaining the raw 
materials. Coal is where you find it, and 
cotton is produced only in areas with cli- 
mates favorable to its growth and harvest, 
but modern transportation and mobility of 
power permit factories to settle at a wide 
choice of localities. The determining fac- 
tor is likely to depend upon a balanc*c be- 
tween the costs of hauling the raw materials 
and supplies of power on the one hand and 
the cost of hauling the manufactured prod- 
ucts to market on the other. 

In actuality, the modern indinstrial re- 
gions of the world have grown up (1) 
where coal and, more rec*ently, hydroelec- 
tric pow(*r or petroleum have been avail- 
able; (2) where raw materials are pro- 
duced; (3) in or near large centers of pop- 
ulation where there is an abundant labor 
supply and a good market of consumers; 
and ( 4 ) at good trading locations, to which 
both materials and labor can be brought 
at reasonable expense, and from which the 
finished products can readily be shipped 
to wider markets. Obviously these factors 
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are interrelated, and in a given manufac- 
turing district two or more of them are com- 
monly important. The factor of capital 
plays a minor role in the location of in- 
dustry, as capital normally flows easily to 
points where maximum profits with safety 
are anticipated. 

The geographical distribution of popula- 


1. Industrial concentration near coal 
FIELDS. Early in the Industrial Revolution 
a large and cheap supply of power became 
necessary for any important industrial de- 
velopment. Such a supply was found in 
coal fields. Coal can be used both for di- 
rect treatment of raw materials, as in iron 
smelting (see page 429), and to generate 
steam power from water to turn machinery, 



Courtenij U. S. Steel Carp. 


( A. ) Bessemer converters in action at Carnegie- 
Illinois Steel Corporation plant, Gary, Indiana. The 
converter at right is receiving its charge of molten 
iron brought from the blast furnace, while that at 
left IS belching flame in the middle of the “glow” 
that oxidizes the carbon and other impurities. 


(B.) Open hearth furnace being charged with 
Courtesy V. S, Stml Cmp. molten iron from huge ladle transported by over- 
head crane from the blast furnace. A portable 
trough conducts the iron from the ladle through the 
furnace door. In the open hearth method of steel 
manufacture, air passes over the surface of the 
metal rather than through it. 


tion, agricultural and forest raw materials, 
and power and mineral resources have been 
described successively in the preceding por- 
tions of this book. It remains to be shown 
how these human and natural resources 
have been brought to focus in certain areas 
to develop manufacturing. In no phase of 
geography is the interdependence of all re- 
gions — rural, mineral, urban — more clearly 
visible than in manufacturing. 


as in the textile industry. As coal is a 
bulky material of relatively low value, it 
cannot be transported over long distances 
without incurring heavy freight charges and 
thus becoming too expensive for large-scale 
manufacturing industries. Heavy indus- 
tries therefore early began to congregate 
in or near the coal fields. (See map, p. 
427.) 

2. Principal industries associated with 
COAL FIELDS. From the beginning of mod- 
ern industrialization, certain types of manu- 
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facturing industries have grown up close 
to coal mines. Among these, the iron and 
steel industry ranks first. 

The Machine Age is utterly dependent 
upon the use of large quantities of iron 
and steel, both for the machinery of manu- 
facture and the modem means of transpor- 
tation. The use of charcoal in blast fur- 
naces was abandoned relatively early, but 
the larger the furnaces and steel mills grew, 
the more they became dependent upon a 
cheap supply of coal as a source of both 
fuel and power. Originally, nearly two 
tons of coal were needed in the form of 
coke to recover the iron ( as pig iron ) from 
one ton of ore. Consequently, where iron 
ore was not available in close proximity to 
the coal fields, it was cheaper to ship the 
ore to the coal than to ship th(’ coal to 
the ore. 

At present, as a result of technical prog- 
ress, one ton of coke can smelt two tons of 
iron ore. However, pig iron is only a semi- 
finished product and must be made into 
cast iron, wrought iron, or steel, through 
further processes of manufacture, all of 
which require substantial amounts of addi- 
tional fuel and power. In modern plants, 
to conserve fuel and time, the molten iron 
from the blast furnaces is not allowed to 
cool and harden into p/g.9, but is poured 
directly into the open hearth furnace, Bes- 
semer converter, or other furnace for puri- 
fying and alloying (see Illus. A and B, p. 
484). Notwithstanding such economies, 
in the United States, on the average one 
and a halt times as much coal as iron ore 
is needed for the manufacture of steel. 
Thus, although the iron and steel industry 
is not bound to coal as closely as it was in 
the past, it still is found primarily in asso- 
ciation with coal fields. Furthermore, steel 
can be of use only when made into various 
industrial goods, and for the manufacture 
of each of these, from rails and structural 
steel to the most intricate and heavy mod- 
ern machinery, a large supply of cheap 
power is essential. 

There are many other industries for 
which cheap fuel and power are essential 
and which therefore tend to congregate in or 


near important coal fields. Examples are: 
the glass industry; the pottery industry; 
those chemical industries which use coal tar 
— the tar residue which remains after the 
manufacture of coke — as a basic raw mate- 



Courtemj Standard Od Co. of ."^ru C-r.st.u 


The path of a pipeline through the woods 
near Fluker, Louisiana. Once buried, the pipeline 
leaves little mark on the landscape except its 
cleared right-of-way and its occasional valves or 
stations. Here a linewalker is clearing weeds from 
around a valve. 

rial; and the textile industries, especially the 
manufacture of cotton and woolen goods. 
Many of the coal fields of the industrial 
countries, then, have become centers of di- 
versified industry. 

Secondary coal-using industries tend to 
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develop along the routes over which raw 
materials arc transported to coal fields. 
Thus, iron-ore ships and trains carrying 
return cargoes of coal from the Pittsburgh 
area have favored the development of sec- 
ondary industries along the Great Lakes. 
Duluth-Superior, the chief iron-ore shipper, 
is also the chief receiver of water-borne 
coal among Great Lakes ports (sec Ulus. p. 
423). 


3. EfFECI’S of other forms of power 

UPON INDUSTRIAL CONCEN'J'RATION. The 

more recent and more easily distributable 


tricity far from its place of origin is helping 
to counteract an unwieldy degree of indus- 
trial concentration, but it cannot be ex- 
pected to cause a complete decentralization 
of manufacturing. Areas where power is 
available at low cost and where agglom- 
erations of population constitute great mar- 
kets will continue to be the most logical 
sites for certain types of industry. 

4. Industrial development near raw 
MATERIALS. Many specialized manufactur- 
ing industries have grown up near the 
sources of raw materials. In the food proc- 



Industrial urban landscape in the Ruhr district, Germany. All too often iactories are 
surrounded by monotonous rows of crowded dwellings. 


forms of power available to industry have 
until lately done relatively little to counter- 
act the tendency of manufacturing indus- 
tries to congregate in concentrated areas. 
Although originating mostly outside the es- 
tablished industrial districts, petroleum, 
fuel oil, gasoline, and natural gas have 
tended to flow to existing centers of manu- 
facture by means of cheap pipe-line, tanker, 
or rail transportation rather than to attract 
industrial areas themselves (.see Ulus. p. 
382). Similarly, electric power, derived 
from falling water, coal, natural gas, or fuel 
oil, can be distributed over ev(T-increasing 
distances. The availability of cheap elec- 


essing industries, for example, the raw ma- 
terials are so perishable and so much 
superior when processed fresh that the can- 
neries and other processing plants arc built 
within easy hauling distance of the farms 
or fisheries. Industries such as copper 
smelting or lumbering, which involve the 
handling of large weights of waste material 
in proportion to the processed product, also 
find it advantageous to save transportation 
bills by locating near the source. To save 
unnecessary crosshauling of the finished 
product, many consumer industries tend to 
develop in widely scattered areas. Petro- 
leum refining, for example, an industry that 
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produces its own fuel, is extensively devel- 
oped not only near Texas, Louisiana, and 
California oil fields but also near the big 
population centers of easteni United States. 
Areas producing petroleum and the nonfer- 
rous ores have not led to the development 
of large diversified industrial districts as 
have the coal-producing areas. 

5. InDUSITUAL DE\TL0PMENT near IRADE 
CENTERS. The two largest cities of the 


faeturing industries and a large local market 
for the manufactured products. Such c*om- 
mercial centers favor the development of 
consumer-goods industries requiring large 
amounts of labor and skill, such as the 
clothing industries of New York and Paris, 
the electrical goods industry of London, 
and the printing and confectionery indus- 
tries of Boston. 

All densely settled areas, including ones 



Ruhr district, a thickly settled industrial region. Built-up areas shown in black, coal mines by dots. 
Note dense net of railroads, rivers and canals. 


world do not have local resources either of 
fuel or raw materials, yet London and New 
York have become the centers of major 
manufacturing districts. The great orig- 
inal and continuing advantage of this type 
of industrial area is a location favorable to 
good transportation and trade. By being 
able to tap the raw materials and fuel from 
the heart of the United States and from the 
countries bordering the Atlantic, New York 
early attracted traders, and as the popula- 
tion grew it provided a labor pool for manu- 


that developed on the basis of coal fields 
and heavy industry, encourage the rise of 
consumer-goods industries by the very fact 
of the needs of the population for food, 
clothing, and other goods. 

Effect of industrialization upon the cul- 
tural landscape. Industrialization has far- 
reaching effects upon the distribution of 
the population and upon the appearance 
of the cultural landscape. It fosters the 
growth of industrial nuclei, leaving areas 
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of sparse population between. In New 
England, for example, extremely dense 
population in the industrial cities and val- 
leys occurs next to thinly settled areas on 
adjacent upland. Agriculture may suffer 
fn)m the loss of labor, owing to the greater 
remuneration offered by work in the 
near-by industrial centers. Dairying and 
truck farming to feed the cities, however, 
develops in an extensive surrounding zone. 

In some of the more extreme cases an 
entire region may become urbanized. 
Mine hoists, culm piles, factory buildings, 
innumerable smokestacks, row upon row 
of dreary tenement houses or workers’ cot- 
tages, and vast railroad yards with miles 
of track all but obliterate the natural land- 
scape (see Ulus. p. 486). Such conditions 
are found in the Ruhr Basin of Germany, 
the so-called Black Country near Birming- 
ham, England, and other areas. 

The transportation network is strikingly 
affected by industrialization. The growth 
of manufacturing is accompanied by im- 
provement of the means of transportation, 
so essential to modem industrial develop- 
ment. Raw materials must be transported 
into and within the area, semimanufactured 
products must be moved and finished goods 
must be distributed. Nowhere else in the 
world is the railroad web so dense and so 
intricately woven as in some of the large 
industrial districts. In the lower Rhine re- 
gion of Germany, for example, there are 
over 25 miles of railroad per 100 square 
miles, while in highly industrialized and 
densely populated Belgium this figure rises 
to over 55 miles. In the Ruhr district, ad- 
joining the Rhine, there are over 3,000 miles 
of railroad track ( see Ulus. p. 487 ) . Where 
water transportation is available, as in 
northern France, Belgium, and the Nether- 
lands, it is often used for short hauls as 
well as for relatively long ones. Rivers are 
deepened and regulated and canals are 
built. The principal British industrial dis- 
tricts all have easy access to the tidal wa- 
ters, while those of the United States are 
within easy reach of the Atlantic, the Pa- 
cific, or the Great Lakes waterway. In re- 
cent decades, the network of roads has been 


greatly improved in most of the important 
industrial districts as a response to the rapid 
increase in the use of tmeks as freight car- 
riers and as links between rail or water and 
factory. 

The principal industrial districts of the 
world. The upshot of the interplay of the 
factors just discussed has been the develop- 
ment of the world s great industrial areas. 
The main diversified heavy industry areas 
are in the northeastern quarter of the 
United States and in northwestern Europe 
(see Ulus. p. 482). 

Industrial districts of northeastern 
United States, In the United States, a 
highly industrialized and densely populated 
region stretches inland as a relatively nar- 
row discontinuous belt from the Atlantic 
coast between Boston and Baltimore to a 
line drawn from Cincinnati through Indi- 
anapolis and Chicago to Milwaukee, and 
including southern Ontario. The states in 
this region have about one-half the popu- 
lation and a little more than half the income 
of the United States, but they have over two- 
thirds of all manufacturing employment, 
four-fifths of the iron and steel manufactur- 
ing, nine-tenths of the automobile manu- 
facturing, four-fifths of the apparel manu- 
facturing, and two-thirds of the chemical 
industry. Within this section oi North 
America several individual industrial dis- 
tricts can be recognized. 

1. The Pittsburgh- Wheeung-Cleveland 
DISTRICT. The Pittsburgh-Wheeling-Cleve- 
land district is closely associated with the 
northern Appalachian coal fields. The 
presence of high quality coking c*oal has 
fostered the development of an extensive 
iron and steel industry which is able to im- 
port iron ores cheaply via the Great Lakes 
waterway. While the manufacture of iron 
and steel dominates, especially in the Pitts- 
burgh and Youngstown centers, numerous 
associated steel-fabricating industries have 
developed. The Pittsburgh center has an 
important glass industry. Akron is the 
largest rubber manufacturing center of the 
world, and its district employs about half 
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the rubber workers of the United States. 
East Liverpool is noted for its manufacture 
of pottery. 

2. The New York-Philadelphia-Balti- 
MORE DISTRICT. The New York-Philadel- 
phia-Baltimore district, the most densely 
populated part of the United States, in- 
cludes, besides the metropolitan areas of 
the cities mentioned, most of northern New 
Jersey and a considerable portion of east- 
ern Pennsylvania. The entire district is 
within easy reach of the northern Appa- 
lachian coal fields; it has port facilities that 
permit importation of raw materials and ex- 
port of the finished products not absorbed 
within the district itself; and it has a large 
internal market. Industry is highly diversi- 
fied, and both the total value of the prod- 
ucts and the number of people employed 
exceed those of any other industrial dis- 
trict. About two-thirds of the national em- 
ployment in the clothing industry is in this 
district. 

In the Baltimore center, the manufacture 
of clothing and tinware and the refining of 
petroleum and copper are among the prin- 
cipal industries. The Philadelphia center 
manufactures textiles and clothing, iron 
and steel, foundry products, and electrical 
apparatus; it refines petroleum and sugar 
and makes cigars, leather goods, and a host 
of other products. Iron, steel, foundry 
products, locomotives, silk, rayon, and knit 
goods are important manufactures in other 
centers of eastern Pennsylvania. Among 
the principal industries of the New Jersey 
center are the silk and rayon industries of 
Paterson, the manufacture of electrical ap- 
paratus and pottery, and the refining of 
petroleum and copper. Diversification of 
industry is greatest in New York City; 
among the innumerable industries, clothing 
and fur manufactures stand out as employ- 
ing exceptionally large numbers of workers. 
Odier important manufactures are foundry 
products, electrical apparatus, chemicals, 
perfumes, knit goods and other textiles, and 
printing and publishing products. 

3. The southern New England district. 
The early development of the textile indus- 
tries of southern New England was due 
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mainly to the availability of cheap water 
power. Coal was later imported from the 
near-by Appalachian region either by rail 
or by means of coastal navigation. At pres- 
ent, as in most industrial districts in the 
United States, the energy used in the fac- 
tories is mainly in the form of electrical 
current derived either from coal or water 
power. The textile and shoe industries still 
dominate the economic life of the region, 
but the fonner is meeting .stiflF competition 
from the southern Piedmont region. The 
shoe industry also has suffered from the 
competition of factories located closer to 
sources of raw materials, in this case west- 
ern. New England industry is now highly 
diversified. Among the best-known spe- 
cialties are the brass, electroplating, and 
firearms industries in Connecticut, the 
jewelry industry of Rhode Island, the man- 
ufacture of paper in the Connecticut valley 
of western Massachusetts and in southern 
New Hampshire, and the manufacture of 
carpets, wire, abrasives, and textile ma- 
chinery in the Worcester center. 

4. The Deitioit district. The Detroit 
district, which includes also the cities of 
Lansing, Flint, Pontiac, and Jackson, spe- 
cializes in the manufacture of motor vehi- 
cles. Directly or indirectly associated with 
this industry are important iron and steel, 
foundry, machine tool, wire, and paint in- 
dustries. The Detroit River, a strategic 
link on the Great Lakes waterways, is one 
of the busiest stretches of water in the 
world. Its flow of raw materials can be 
tapped by the Detroit automobile manu- 
factures. Immediately to the west lies one 
of the important furniture manufacturing 
centers of the United States, that of Grand 
Rapids, based in part upon an original 
source of hardwood and in part upon the 
household needs of the new midwestem 
population. 

1 The southern Lake Michigan dis- 
trict. The southern Lake Michigan dis- 
trict includes the Chicago area and parts 
of the neighboring states of Wisconsin and 
Indiana, with the cities of Milwaukee, Gary, 
and South Bend. Because of its large mar- 
ket area and its easy access to both uie iron 
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ore of the upper Great Lakes district and 
tlie coking coal of the northern Appalachian 
field, this district is able to support a flour- 
ishing iron and steel industry. Closely 
associated with this industry are an impor- 
tant foundry industry and the manufacture 
of railroad equipment, farm machinery, elec- 
trical machinery, power engines, wire, 
motor vehicl(\s, and various other goods. 
Because of an extensive agricultural hinter- 
land with which it has excellent communi- 
cations, Chicago has b(*come the foremost 
meat-packing center in tlie United States, 
the value of the animal products ranking a 
close second to that of the manufactures of 
metal. Other indu.stries of this district in- 
clude the manufacture of clothing, furni- 
ture, paint, and printing and publishing 
products. 

6. Other districts. Among other im- 
portant manufacturing areas within the 
northeastern industrialized belt are the 
Mohawk Valley district of diversified man- 
ufactures from Buffalo and Niagara Falls to 
Troy; the Cincinnati-Day ton -Columbus dis- 
trict of southwestern Ohio; and the Indian- 
apolis ct^nter. 

Indtistry in the South and West, World 
War I and World War II were both accom- 
panied by large increases in the manu- 
facturing industries of the United States. In 
the course of the latt(*r war, construction of 
new plants totaled about 10 billion dollars, 
and postwar construction has added about 
5 billion dollars to this figure. Though all 
parts of the country have shan'd in this in- 
crease, the rate of growth of manufacturing 
has been far greater in the South and West 
than in the older industrial areas of the 
Northeast. Since the war, industry still 
has been growing about three times as fast 
in the South and West as in the Northeast. 

This regional redistribution of industry 
was under way even before World War II. 
It was, however, accelerated by the war- 
time desire to decentralize industry for 
greater security against attack, to save 
transportation space by producing con- 
sumer goods locally, to utilize local re- 
sources more fully, and to promote a better 


balanced economy for the country as a 
whole. Government prewar action in pro- 
viding vast new sources of hydroelectric 
power on the Tennessee, Colorado, Sacra- 
mento, and Columbia rivers has stimulated 
development in the South and West. In 
the postwar period, the continuation of 
hydrock'ctric development and the reduc- 
tion of freight diflferentials between the 
East and the other parts of the country 
should encourage the present trends. Pop- 
ulation growth, especially in the far west, 
provides a growing labor supply and con- 
sumer market. Finally, development and 
expansion of any industry in a region re- 
sults in higher income for that region, fol- 
lowed by additional migration of people* to 
the area, which in turn provides the bases 
for new and expand(*d consumer-goods in- 
dustries. The expansion cycle, once under 
way, is self-feeding for a considerable pe- 
riod of time, and the industrial trend to- 
ward the South and West at present shows 
no signs of overall slacktming, though some 
special war industries, such as military 
aircraft building, may e.xj)ect peacetime 
declines. 

1. The Souni. Industrial development 
in southeasteni Unitc'd StateSyfrom Virginia 
to Texas, has made consistent but uneven 
progress siiia* the 1920's. The leading 
manufactures are those devoted to process- 
ing raw materials produced within the 
region. In textiles and lumber, the South 
leads the United States, with annual pro- 
duction between 40 and 50 per cent of the 
national total. In both of these industries 
the rate of increase continues high. The 
cotton textile industry, using near-by 
sources of raw cotton, centers on the Pied- 
mont and the southern Appalachian area. 
More recently, the rayon industry has be- 
come well established in the northern part 
of this region (see Ulus. p. 491). The 
lumber industry finds its raw materials 
throughout the South, with emphasis now 
upon Longleaf Yellow Pine from the Outer 
Coastal Plain, cypress from swampy spots in 
the Plain, and hardwoods from the Pied- 
mont and Appalachian plateaus. 

Food and tobacco processing are major 
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and growing industries in the South. The Aii plane inanulacture in Texas and ship- 

manufacture of iron and steel has long been building in (Charleston, Mobile, and other 

an important industry in Birmingham, Ala- ports are examples of industries established 
bama, where the juxtaposition of suitable as part of the wartime expansion and de- 
coal, iron ore, and limestone flux creates central i /a ti on program, 
one of the country’s best natural sites for In most ol the lesser industries, the South 
the iron industry. Compared with the is increasing proportionately faster than the 



Fairchild Photo, Courtesy American Viscose Corp. 

Viscose rayon plant at Roanoke, Virginia, one of the oldest rayon centers of the United States. One of 
several consumer industries that have sprung up in the Piedmont region of the South, taking advantage 
of nearby raw material and fuel as well as plentiful labor, land, and water. 

industrial northeast, Birmingham has a Northeast. Some of these growing indus- 
freight advantage for supplying most of tries arc related to local raw materials, as, 
the southeastern and southwestern United for example, the sulphur industry of Texas 
States. Petroleum and coal industries, and paper, chemicals, and synthetic nibber 
based primarily upon the Texas-Louisiana- manufacturing. Others, such as furniture, 
Oklahoma fields and the Appalachian leather goods, and printing, are stimulated 
mines, account for one-third of the United not only by the presence of raw or semi- 
States’ manufacture of those products, finished materials but also by the existence 
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of the consumer market heretofore depend- 
ing upon “imports” from the Nordieast. 
The cheap power made available by the 
Tennessee Valley Authority has favored the 
establishment of aluminum and other indus- 
tries. 

2. The Middle West. The midwestern 
farm states of the Minnesota-Montana-Col- 
orado-Missouri quadrangle, after lagging 
behind the rest of the country in industrial 
development, have shown decided gains in 
regional percentage of output in most fields 
of industry since 1940. Food processing 
remains by far the major industry of this 
region, based primarily upon the abundant 
production of wheat and beef. Along the 
eastern side of the region the great food- 
processing centers of Minneapolis-St. Paul, 
Omaha, Kansas City, and St. Louis have 
branched out more and more into other in- 
dustries as well, and smaller cities also have 
developed industrially in recent years. 
Several aircraft plants were built in this 
area during World War II. St. Louis, the 
largest of these cities, has the advantage of 
near-by sources of coal and an exceptionally 
central position for rail, water, and air 
transport. It has developed important ap- 
parel, leather, shoe, and machinery indus- 
tries. More and more the Midwest may be 
expected to provide its population with 
their consumer-goods needs. 

3. Far West. The most striking popula- 
tion gains in the nation in the ten years 
after 1940 were made in the Far West. 
The increase in population of the three 
Pacific Coast states was about 50 per cent 
during that period; in Arizona and Nevada, 
it was more than 30 per cent. The in- 
creased population provided an increased 
labor supply and consumer market and 
helped to stimulate the already greater- 
than-average rate of increase of manufac- 
turing. In all major census categories of 
industries except lumber, employment in 
1947 was greater than in 1939. 

The two biggest industries in terms of 
number of people employed— food and 
lumber — ^illustrate the same dependence 
upon local raw materials as is shown by in- 


dustries in the South. The food comes 
chiefiy from the California lowlands and 
the eastern Washington grain area; the lum- 
ber, from the mountains of Oregon and 
Washington. Next in importance is the 
manufacture of transportation equipment, 
chiefly airplanes, which have proliferated 
before and during the war in the Los 
Angeles and San Diego areas of southern 
California and elsewhere, partly as a result 
of the favorable climate. Petroleum re- 
fining in southern California, wartime- 
established shipbuilding in Portland, and 
chemical and aluminum industries of the 
Seattle area and hinterland aided by the 
Bonneville and Grand Coulee power de- 
velopments are among important new or 
expanded industries. In textiles, apparel 
printing, and other consumer-goods in- 
dustries, as well as in iron, steel, and ma- 
chinery production, the West is attempting 
more and more to meet its own require- 
ments instead of depending upon products 
freighted in from eastern United States. 

Europe, In Europe, industrial develop- 
ment is greatest in a belt that stretches from 
the British Isles through northern France, 
Belgium, Germany, Poland, md Czechoslo- 
vakia into southern Russia. The major in- 
dustrial districts, with the exception of that 
of London, all lie on or near important coal 
fields. (See map, p. 482.) 

1. Great Britain. The Scottish Low- 
land district centers around Glasgow, where 
metal industries include a wide variety of 
manufactures ranging from railway loc*o- 
motives to fine precision instruments. Ship- 
building flourishes along the banks of the 
Clyde River, where some of the largest 
ocean-going vessels ever built have been 
launched. 

The Newcastle district also has a highly 
developed shipbuilding industry and manu- 
factures marine engines and railroad equip- 
ment. As in the Clyde district, the spe- 
cialization in heavy products is favored by 
the juxtaposition of coal fields and tide- 
water. The Pennine Chain of central Eng- 
land is ringed with coal fields. On the east 
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side of the Pennines, woolen goods are a 
specialty around Leeds, while farther south 
Sheffield is renowned for its metal prod- 
ucts, especially cutlery. (See map, p. 369.) 

The Lancashire district, west of the Pen- 
nines, long has been the foremost cotton 
textile manufacturing region of the world. 
The industry centers in the numerous cities 
which surround Manchester, especially to 
the north. Besides textiles, chemicals and 
glass also are produced in large quantities. 
A short distance to the south lies the famous 
Potteries district where all sorts of pottery 
are made, varying from tile and crude 
earthenware to the highest qualities of 
chinaware. The principal city in this dis- 
trict is Stoke-on-Trent. 

In the Midlands district, south of the 
Pennines, Birmingham has a highly diversi- 
fied industry that produces automobiles, 
rubber, rayon, electrical equipment, arms, 
and many other products, while Notting- 
ham specializes in the manufacture of 
hosiery and laces. In South Wales, the 
Cardiff area has an iron, steel, and ship- 
building industry. 

London, like New York, has a large num- 
ber of highly diversified industries which 
profit from excellent transportation facilities, 
a good supply of labor, and the presence of 
an immense market. 

2. Continental districts. On the Eu- 
ropean continent the Ruhr and Lower 
Rhine districts of Germany stand out as 
highly industrialized areas. Within a ter- 
ritory of less than 50 miles from east to 
west and 25 miles from north to south lie 
more than a dozen cities with populations 
varying from 100,000 to over 500,000, be- 
sides a host of smaller ones. The coal, iron, 
and steel of the Ruhr normally lead Europe 
in production in peacetime, and in wartime 
they provided the equipment with which 
the Nazis overran most of the continent. 
Little wonder that the problem of how to 
use the Ruhr to promote European pros- 
perity while preventing its use for a third 
time as an arsenal against democracy is one 
of the knottiest and most-discussed ques- 
tions of Europe. This district manufac- 


tures all kinds of metal products, from the 
heaviest machinery to knives and needles. 
Textile and chemical manufactures also are 
important. 

Other important industrial districts closely 
associated with coal fields are in northern 
France, Belgium, and the Silesian area, on 
the Poland-Czechoslovakia border. The 
Saxony and Bohemia districts were de- 
veloped originally on the basis of available 
metal and wool resources. Cheap elec- 
trical power now is available through the 
use of the large lignite deposits. Textile, 
machine, paper, porcelain, and glass in- 
dustries are highly developed here. The 
continuation of the coal fields into the 
Donets Basin of the Ukraine, and the pres- 
ence near by of the Krivoi Rog iron-ore 
deposits, have been the basis for the princi- 
pal iron and steel industry of the Soviet 
Union, an industry still of major importance, 
notwithstanding the later development of 
Ural-Kuznetsk iron and steel industries. 

Among the other important industrial 
districts of western Europe should be men- 
tioned those of the Swiss Plateau and of 
northern Italy, both of which depend 
mainly upon hydroelectric power and good 
transportation connections. 

3. Other important industrul districts 
OF THE WORLD. In rcccnt decades some 
important industrial districts have devel- 
oped elsewhere, as for example the Moscow 
district of the Soviet Union, the new Mag- 
nitogorsk-Sverdlovsk area of the Urals, the 
Kuznetsk area at the foot of the Sayan 
Mountains, the Kobe-Osaka and Tokyo- 
Yokohama centers of Japan, the Mukden 
area of Manchuria, the Shanghai center of 
China, and the Bombay center of India. 
Great progress is being made in eastern 
Brazil, and in other South American areas. 
Northwestern Europe and eastern North 
America, however, remain the dominant 
manufacturing areas of the world. 

Effects of World War 11 upon industrial 
development. The destruction of large 
portions of the industrial plant of Europe 
through bombing, shelling, and dynamiting 
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ill the course of World War II set back 
seriously the industrial achievements which 
had been gradually made through genera- 
tions of patient capital accumulation. The 
effects of the war were varied in kind as 
well as in degree; those countries in the 
midst of the fighting suffered more than 
those at the margins, and the neutral coun- 
tries were able in many instances to show 
increases in production. As an illustration, 
the production of pig iron in the last prewar 
year, the last year of the war, and the first 
postwar year for some of the countries in- 
cluded in the European RecovcTy Program 
was as follows (in thousands of metric 
tons ) : 



1038 

1013 

lOlG 

Austria 


101 


Rclf*ium 

2,127 

700 

2,101 

France 

5,‘M17 

1,18:? 


It ah 

881 

03 

189 

LuMMiiboiirj* 

i.fir)! 

:? o () 

i,;i78 


()()8 

' 789 

(»90 

llnitccl Kinf>cloin. . 

0,70:) 

7,010 

7,810 

(k*rman> (Bizoma) 1 

[r),7(K) 

-- 

2,215 


Soum*: li. S. Deparlnicul of StaU*, Committee 
of European Economic Cooperation, 1917. 


In many other fields of basic produc- 
tion, fluctuations were similar. Greece esti- 
mated that her losses represented the sav- 
ings of several decades, if not a whole 
century. In the Soviet Union it is esti- 
mated that about one-third of the industrial 
capital of the c'ountry was destroyed. In 
China, the meager industry suffered pro- 
foundly from Japanese occupation and sub- 
sequent civil war. For most countries there 
were heavy losses of all forms of transport, 
essential to healthy industrial development. 
Between 1939 and 1946, for example, the 
merchant marine declined in gross tonnage 
in the following approximate percentages; 
Norway, 40 per cent; Greece, 60; Germany, 
80; Japan, 80; and Italy, 85. The British 
fleet remained about constant. Only one 
industry showed substantial increase of 
postwar production in every country of 
western Europe: electric power. Total 


electric power production in the countries 
of the European Recovery Program was 
more than 50 per cent higher in 1947 than 
in 1938. 

In some countries far from the scene of 
military operations, such as the United 
States and Canada, production capacities 
increased greatly in some fields during the 
war. Other countries, such as most of those 
in Latin America, found their industrial de- 
velopment slowed up. Postwar political 
and military policies of international trade 
and taxation have been directed in the 
United States toward rebuilding and im- 
proving (he productive capacities of western 
and southern Europe. Shipments also have 
increased greatly to Latin America, India, 
and other countries. Many years of con- 
structive e'ftort will be required before a 
“normal” production economy can be es- 
tablished throughout the world. 
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THE ECONOMIC GEOGRAPHY 
OF SELECTED INDUSTRIES 


The industrial districts that we 
have just ainsiden'd are made* up of a num- 
ber of individual manufacturing industries. 
Some of these industri(\s have been dis- 
cussed in th(' chapters dealing with the 
raw materials upon which they are based, 
such as certain mineral products, c*oal, 
petroleum, iron and steel, lumber, fruits, 
cereals, and tobacco. The following groups 
of manufacturing industries not yet con- 
sidered will be treated individually in the 
pages to follow: chemicals, textiles, wearing 
apparel, rubber products, leather goods, 
machinery, electrotechnical products, and 
transportation equipment. 

No attempt will be made to describe in 
detail the processes of manufacture: that is 
the province of industrial geography rather 
than of general economic geography. At- 
tention will be paid here rather to the facts 
and causes of localization of the industries. 

Relative importance of the major 
groups of manufactures. It would be 
geographically interesting to rank the manu- 
facturing industries of the world in the 
order of their importance. Unfortunately 
there is no inteniational system of classifica- 
tion of manufactures, and therefore it is 
difficult, and in many instances impossible, 
to make comparisons between countries. 
The United States Bureau of the Census has 


adopted a clas.sification into twenty major 
groups which serves this country quite well. 
Ill order to obtain a lair idea ot the relative 
importance of the groups, various criteria 
might be chosen, such as value of products, 
c‘ost or quantity of raw materials used, capi- 
tal invested, power used, men employed, or 
value added by manufacture. No single 
criterion is perfect. The accompanying 
table gives the value added by manufacture 
ill 1939 and the average number of em- 
ployees in each industry. As used in the 
c'cnsus reports, the term “wage earners” in 
manufacturing does not include personnel 
engaged in distribution or construction: in 
otlier words, persons not primarily engaged 
in manufacturing activities in the narrow 
sense of the term. 

As shown in the table, the food industries 
lead in value added by manufacture, while 
the textile industries lead in number of 
people employed. However, if the iron 
and steel and the machinery manufacturing 
industries were combined, as might well be 
done since machinery is very largely made 
of iron and steel, tliey would rank first by 
far on both scores. 

It is noteworthy that the chemicals and 
mineral fuels industries, though ranking 
relatively low in the number of people em- 
ployed, show the largest value added by 
manufacture per employee. 
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Table XIV 


Major Groups of Manufacturing 
Industries of the United States 
(Census of Manufactures, 1939) 


Group 

Value 
Added 
by Man-- 
ufaciure 
{in mil- 
lions of 
dollars) 

Wage 

Earners 

and 

Salaried 
Per- 
sonnel 
{in thou- 
sands) 

♦Food and kindred products 
Tcxlilc-mill products and 


937 

other fiber manufactures. 
Apparel and other finished 
products made from fab- 

1,809 

1,138 

rics and similar materials 
♦Iron, steel, and their prod- 

1,395 

812 

ucts, except machinery 

2,95G 

1,083 

Machinery, except electrical 

1,969 

630 

IClectrical machinery 

Automobiles and automo- 

1,(K)0 

314 

bile equipment 

Transportation equipment, 

1,322 

445 

except automobiles 

♦Nonferrous metals and their 

472 

185 

proilucts 

♦Lumber and timber basic 

82.5 

2m 

products 

♦Furniture and finished lum- 

618 

385 

ber products 

627 

326 

♦Paper and allied products. . 
Chemicals and allied prod- 

870 

296 

ucts 

♦Printing, publishing, and al- 

1,880 

350 

lied products 

Leather and leather prod- 

1,776 

468 

ucts 

♦Stone, clay, and glass prod- 

1,390 

352 

ucts 

♦Products of petroleum and 

911 

320 

coal 

675 

124 

Rubber products 

406 

139 

♦Tobacco manufactures . . 

350 

92 

Miscellaneous industries 

694 

276 


* Considered in earlier chapters of this book. 


The Chemical Industries 

The chemical industries represent one of 
the most important and rapidly developing 
branches of manufacturing. They are basic 
to many other industries, for they supply 
much material for manukcturing, agrim- 
ture, and mining. Because of their im- 


portance for military activities, chemical 
industries were fostered in countries where 
they did not previously exist or were poorly 
developed, following die needs felt in World 
War 1. 

The chemical industries obtain some of 
their principal raw materials directly or in- 
directly from minerals, such as sulphur and 
pyrite, ordinary salt, potash salts and phos- 
phates, sodium nitrate, and coal tar. Other 
raw materials are of plant or animal origin; 
still others come from water and even from 
the air. 

Principal products and branches of the 
chemical industries. The chemical indus- 
tries manufacture such a host of different 
products that it is difficult to classify them 
under a few headings. Some chemicals 
may be considered as finished products, 
while a large number of others are only 
semimanufactures serving as raw materials 
for other branches of industry. 

The chemical industries proper produce 
many important acids, such as sulphuric 
acid, hydrochloric acid, nitric acid, acetic 
acid, and citric acid. The alkalies c'onsti- 
tute another group of chemicals. The sod- 
ium carbonates, sometimes fqund in nature 
but more generally manufactured from com- 
mon salt with the aid of limestone, are espe- 
cially important. The industry usually is 
associated with salt deposits, and the al- 
kalies it produces are further utilized in the 
manufacture of soap. Other important 
groups of chemicals are the bleaching com- 
pounds, used extensively in the textile in- 
dustries, and the plastics (cellulose, protein, 
and other compounds). Among the latter 
should be mentioned rayon, made from the 
cellulose contained in wood pulp or cotton 
linters. 

Among the principal specialized branches 
of the chemical and closely allied industries 
are the manufacture of fertilizers, explo- 
sives, dyestuffs, paints, drugs and medicines, 
and soap. 

Sulphuric Acm. Sulphur and pyrites 
serve largely as the basic raw materials for 
the manufacture of sulphuric acid, a sub- 
stance which is indispensable in so many 
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processes of industrial chemistry that the 
amount of its output is sometimes used as 
a barometer of industrial activity. The 
manufacture of sulphuric acid in this coun- 
try began in 1793, and by 1947 annual pro- 
duction surpassed 10 million tons. The 
United States and Italy possess the largest 
stores of crude sulphur; Spain, Japan, Nor- 
way, Italy, and Cyprus are the principal pro- 
ducers of pyrite. The United States, highly 
industrialized and with well-developed 
chemical industries, ranks first in the pro- 
duction of sulphuric acid; Italy, less de- 
veloped industrially, ranks in only third 
place among the European producers. 
The markets for pyrites are chiefly in 
the countries of western Europe, especially 
Germany, the United Kingdom, and 
France. 

As new chemical inventions have been 
made, attention has shifted away from the 
sulphuric acid industry; but the manufac- 
ture of some of the new products, such as 
viscose rayon, requires the use of sulphuric 
acid, and the United States annual produc- 
tion of this acid more than doubled between 
1939 and 1947. 

Drugs and medicines. Drugs and medi- 
cines, especially those manufactured by 
synthetic methods, are made primarily in 
countries with a highly developed chemical 
industry. As a result, their manufacture 
shows a distribution somewhat similar to 
that of the chemical industries as a whole. 

Soap. Soap is made from animal or 
vegetable fats with the aid of alkalies, such 
as soda or potash. The principal fats used 
are tallow, coconut oil, cottonseed oil, palm 
oil, peanut oil, and olive oil. 

In the United States the industry is found 
in nearly all states, but the more important 
centers are in the East and in Ohio, Illinois, 
and Indiana. France is noted for its pro- 
duction of fine toilet soaps. 

Dyestuffs. DyestuflPs hold high rank 
among the various chemical industries. In 
most parts of the world the old, natural 
dyes obtained from the vegetable and ani- 
mal kingdoms have been supplanted by the 
much cheaper synthetic products. The 
principal raw material is coal tar, a by- 


product of the coke industry, which can 
easily be obtained wherever coking coal is 
available. Because of the intricate proc- 
esses involved, the industry has developed 
only in the more advanced industrial coun- 
tries of the world. 

Coal-tar dyes were made first in Germany, 
which until World War II was the world s 
largest producer. As a result of that war, 
the United States replaced Germany in the 
world market and is now by far the leading 
producer. Other important producers are 
England, the Soviet Union, Japan, France, 
Italy, and Switzerland. The United States 
and Switzerland are now the only countries 
which consistently export dyestuffs in excess 
of their imports. 

Paints and varnishes. Raw materials 
for the manufacture of paints and varnishes 
are furnished by other branches of the 
chemical industry and by closely allied in- 
dustries. The industry is quite widely scat- 
tered and plays a relatively unimportant 
role in international trade; it is generally 
cheaper to ship the pigments than the fin- 
ished products. In the United States, the 
principal centers of production are in the 
industrial East (New Jersey, New York, 
Ohio, Pennsylvania) and in Illinois and 
Michigan. Michigan developed paint man- 
ufacturing in response to the needs of the 
automobile industry. 

Explosives. The explosives industry is 
closely associated with the manufacture of 
nitrogen fertilizers. Its products, espe- 
cially dynamite, are used extensively in 
quarrying and mining and for war purposes. 
The industry is rather highly decentralized 
because of the danger involved in the 
manufacture of some of its products and in 
the transportation of many of its finished 
products; the plants are therefore located 
mostly in country districts rather than in 
cities. 

Fertujzebs. The manufacture of super- 
phosphates and potash fertilizers depends 
primarily upon raw materials — raw phos- 
phates and potash salts — furnished by the 
mineral industries (see Chapter Nineteen). 
European potash comes chiefly from Ger- 
many and France (see Ulus. p. 330). The 
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manufacture of superphosphates is related 
I(\ss to the deposits of raw phosphate, in 
northern Africa and Florida, than to the 
centers of consumption (see Ulus. p. 319). 
The industry, therefore, is quite widely 
scattered. In the approximate order of 
their importance, the principal prewar 
manufacturers of superphosphates were the 
United States, Japan, France, Italy, Aus- 
tralia, Spain, Gennany, and the Nether- 
lands. The total production of Europe 
normally is more than twice that of North 
America. 

Nitrogen fertilizers arc produced in differ- 
ent parts of the world and in various ways. 
The soda nitrate mined in Chile, although 
it has lost its monopoly, still occupies a posi- 
tion on the world market, providing in 
normal years 7 to 8 per cent of the world’s 
supply (see Ulus. p. 322). At present, the 
principal nitrogen fertiliztTs are provided 
by the chemical industry, chiefly from am- 
monium sulphate, some of which is pro- 
duced synthetically and some as a chemi- 
cal by-product of the coke industry. The 
location of the industry is generally d(‘ter- 
mined by the availability of cheap hydro- 
electric power. Europe accounts for about 
half of the world production of tliis ferti- 
lizer, Germany normally occupying first 
place. Other large producers are Japan, 
the United States, Great Britain, Korea, and 
France. 

Plastics and fiber synihetics. When 
two British chemists found in 1856 that they 
could make a substance resembling ivory 
by soaking rags or paper in acid and mix- 
ing with camphor into a doughy mass, they 
were laying the foundations for an industry 
that would some day be able to replace 
wood, glass, cotton, wool, and silk for a wide 
variety of purposes. In 1869, important 
changes in the process were introduced by 
Hyatt of New Jersey, and the resulting 
material, known as celluloid, became the 
first American plastic. Tliough this ivory- 
like material soon became popular for such 
things as piano keys, combs, and knife 
handles, inflammability was long a disad- 
vantage. Not until the rise of radio in the 
1920 s created a demand for molded cases 


did plastics begin to come into their own 
as a competitor with cabinet woods. 

The plastics most used today are made 
principally of cellulose or of protein. Gel- 
lulose, the inert framework substance of 
plants, is obtained for industrial purposes 
chiefly from wood or cotton. Cellulose 
acetate is made by treating cotton linters 
with acetic acid and acetic anhydride. It 
is the raw material not only for plastics but 
also for acetate rayon, the earliest of the 
synthetic textiles. The use of wood pulp 
as a source of cellulose for synthetic prod- 
ucts is the foundation of the >iscose rayon 
industry (see Ulus. p. 491). The wood 
pulp is treated with caustic .soda and bi- 
sulphide of carbon to make the gelatinous 
mass which is squeezed through a finely 
perforated nozzle to make tlie fibers for 
rayon. The fibers are hardened in a chemi- 
cal bath. 

The jirotein synthetics use as raw material 
chiefly soybeans, milk, or dried blood. 
Various othei plastic with special qualities 
and uses are made from other substances, 
such as lime and coal (for vinyl) and car- 
bolic acid and formaldehyde (for phenol). 
A .still more recent synthetic product is 
nylon, the textile fiber made from coal, 
which became the favorite material for 
women’s hosiery overnight following its 
first manufacture in 1939, and which now 
bids fair to rival rayon and cotton for other 
garments ( see also Ulus. p. 502 ) . It is diffi- 
cult to exaggerate the profound and increas- 
ing effect of .synthetic materials upon the 
textile, furniture, and building industries. 

Textiles and Textile Products 

The textile indu.stries fall naturally into 
three principal groups: (1) textiles, (2) 
wearing apparel, and (3) cloth articles 
other than clothing. The first group in- 
cludes all spinning, weaving, and knitting 
mills, and through its manufactures pro- 
vides the raw material for the other two. 
Tlie raw materials used by the textile in- 
dustries are chiefly cotton, wool, linen, silk, 
rayon, and nylon. In the quantity used, 
cotton far outranks the other materials. 
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The textile industries include the manu- 
facture of the various kinds of cloth, such 
as cotton goods, woolens and worsted, 
linens, silk, rayon, knit goods, and various 
specialized mixtures. \^ile the manufac- 
ture of rayon fiber is a phase of the chemi- 
cal industries, the making of goods of rayon 
is a textile industry. 

The cotton textile industry. Among 
the textile industries, the manufacture of 
cotton goods is far in the lead, both in 
America and in the entire world. The fol- 


earth make use of cotton fabrics in some 
form. In the warm and in many inter- 
mediate climates cotton textiles rank su- 
preme; only in the regions of distinctly cool 
to cold climate do they yield first place to 
wool and fur. Since large quantities of 
cotton still go into homespun cloth, the 
statistics of commercial mill consumption 
do not include total world production of 
cloth. Nevertheless they speak eloquently 
of the widespread use of cotton goods and 
of the quantities of raw cotton involved. 
From 1935 to 1939 inclusive, the worlds 



Number of cotton spindles in countries of major cotton production. 


lowing tabulation shows the value added by 
manufacture for various classes of textile 
goods in the United States in 1939: 


Millions of 
Dollars 

Colton goods (except kml) . r)7ii 
Knit goods (all) . 357 

Woolen and worsted goods . . 274 

Silk and rayon goods ' 172 

Woven carpets 93 

Lacc goods . ... 15 

Linen goods 3 


Dyeing and finishing added 155 million 
dollars more to the value of textile goods in 
1939. 

World distribution of c»tton textile 
MANUFACTURING. Tile demand for cotton 
textiles is world-wide. While locally and 
for specific purposes other materials may be 
in greater favor, nearly all the people of the 


average annual mill consumption of cotton 
was 28,541,000 bales. 

The relative importance of the various 
countries in cotton manufacturing is sug- 
gested by the number of spindles used in 
spinning, as shown in the diagram above. 
The textile mills of Great Britain had about 
one-quarter of the world’s cotton spindles; 
the United States, about one-fifth; Japan, 
British India, and China together, another 
fifth (China, about 4,450,000 spindles); 
western and central Europe, about one- 
quarter; and eastern Europe, about 8 per 
cent. In the southern hemisphere only 
Brazil, with 2,765,000 spindles, had a siz- 
able textile industry. In cotton consump- 
tion the United States had a larger propor- 
tion and Britain a smaller proportion dian 
the spindle figures would indicate. 

The cotton textile industry of toe 
United States. The outstanding recent de- 
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velopment in the cotton-textile industiy 
of the United States has been the shift 
in geographical distribution of factories 
from New England to localities nearer the 
raw material. In the first half of the nine- 
teenth century, when machine methods of 
manufacture were becoming established in 
this country, the streams flowing from the 
glacial lakes and swamps of New England, 
with their small falls and rapids, provided 
easily harnessed power resources. The 
streams had a fairly uniform flow of clear 
water, and through the building of small 
dams, numerous additional storage reser- 
voirs could be created. Textile manufac- 
turing became prominent because of cheap 
and relatively efficient power, raw materials 
readily obtainable by coastwise traffic, large 
markets available in the near-by city cen- 
ters, and the mechanical ingenuity of the 
New Englanders. Agriculture was finding 
it difficult to compete with the farm prod- 
ucts from the new lands beyond the Alle- 
ghenies, and thus a supply of labor became 
available from adjacent country districts. 
When steam power came into prominence, 
it served to supplement the water power, in 
many instances even to supplant it; but the 
acquired skill and the large capital invest- 
ments served to keep New England’s su- 


premacy in textile manufactures undisputed 
until after 1900, as the accompanying table 
indicates: 

Table XV 

Distribution of Active Spindles in 
THE United States by Percentages 
OF THE Total 



Cotton 
States 
(jm cent) 

New 
England 
{per rent) 

Others 
{/}er cent) 

1870... 

4.0 

77.1 

18.3 

1880. 

5.3 

81.0 

13.7 

1890. . 

10.9 

76.1 

13.0 

19(K). 

22.4 

67.6 

10.0 

1910 

.37.2 

.55.6 

7.2 

1920. . 

42.9 

.51.5 

5.6 

1930. 

.59.4 

.36.3 

4.2 

1940. 

74.8 

22.4 

2.8 

194.'). . . 

77.6 

19.8 

2.6 

1947. . 

78.0 

19.8 

2.2 


In comparison with the Cotton States, the 
relative position of the New England cotton 
industry has declined during the past fifty 
years, slowly at first and later at an acceler- 
ated pace. The number of active spindles 
grew steadily until after World War I, 
though at a much slower rate than in the 
Cotton States; but since 1920 the number 
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has actually declined, whereas in the Cotton 
States it has increased (see Ulus. p. 500). 
In 1940, the southern mills processed about 
85 per cent of the total amount of cotton 
consumed in the United States. The shift 
from New England was mainly toward the 
southeastern states, particularly the Pied- 
mont of the Carolinas and Georgia. Lesser 
development occurred somewhat later in 
northern Alabama and eastern Tennessee. 
Some cotton weaving is carried on even as 
far west as Texas, which in recent years has 
contributed nearly 1.5 per cent of the value 
of all woven cotton goods, though it has 
little cotton spinning. 

As might be expected, those phases of 
textile manufactures requiring the least 
skill moved first, while those dependent 
upon quality of output have been slowest to 
shift. The southern regions are noted for 
their output of medium-grade yams and 
goods, while New England holds tena- 
ciously to its fame as a producer of high- 
grade goods. 

The cotton tcxtile industry of Great 
Britain. The cotton industry of Great Brit- 
ain is concentrated in the Lancashire dis- 
trict, Manchester being the principal center. 
Before artificial means had been devised 
to maintain a desirable degree of humidity 
in the factories, the damp climate of Lan- 
cashire, caused by its location on the west 
side of the Pennine Chain, was of great 
advantage for cotton manufacturing. This 
advantage is still of some economic value. 
Furthermore, coal for power is available 
within the district, and the factories are 
within easy reach of the sea for the importa- 
tion of raw material and the export of the 
finished products. Liverpool, at the en- 
trance to the Lancashire area, has long been 
the greatest cotton-importing and trading 
center of the world. Before World War II 
the district suffered greatly from the com- 
petition of new textile centers, especially 
those of Japan, China, British India, and 
numerous smaller centers elsewhere. 

Textiles of silk and synthetic fibers, 
1. Silk. Silk, for centuries the aristocrat 
among fibers, has been supplemented, and 


now surpassed, by the newest arrivals, 
rayon and nylon. Japan and China are the 
greatest silk producer^, and their product 
is used not only in their own domestic in- 
dustries but also for manufacture of silk 
textiles in other parts of the world, notably 
Europe and North America. In the United 
States the principal centers are in Pennsyl- 
vania, New Jersey, New York, and Connecti- 
cut. Paterson, New Jersey, once the lead- 
ing silk-manufacturing center of the United 
States, now produces more rayon than silk. 
As a silk-manufacturing center it has been 
eclipsed by the Allentown-Bethlehem and 
the Scranton-Wilkes-Barre industrial areas. 
Raw-silk imports virtually ceased during 
World War II; since then they have been 
partially resumed. 

2. Rayon. The rise of rayon has been 
the most spectacular development of the 
modem textile industry. First developed 
in France as “artificial silk,'" it soon estab- 
lished itself in several countries where other 
textile industries were already operating. 
Machinery, technically skilled labor, and 
markets for the finished textiles were wait- 
ing in those countries. Gennany, Japan, 
and the United States were the leading pro- 
ducers before World War II, but the war 
resulted in outstanding predominance by 
the United States. Of the total world pro- 
duction of 1,800,000,000 pounds in 1946, ihe 
United States produced 47 per cent. 
France, Czechoslovakia, Italy, Belgium, the 
Netherlands, and the United Kingdom also 
are important producers. Postwar recovery 
of the industry has been slow in Germany 
and Japan. 

. In the United States the first rayon-manu- 
facturing plant was established in 1911 at 
Marcus Hook, Pennsylvania, by the Viscose 
Company, the first big producer in this 
country. In 1917 a second plant was 
added, at Roanoke, Virginia (see Ulus. p. 
491). Soon many other plants were estab- 
lished in the area from Georgia to Massa- 
chusetts. Although the plants are widely 
scattered, more than half the production 
comes from Pennsylvania, West Virginia, 
Virginia, Tennessee, and Ohio. The major 
consideration in location is a supply of soft 
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water. Accessibility to spruce or cotton 
and availability of low-cost labor aue other 
significant factors (see also Ulus. p. 183). 

The early rayon product was shiny but 
weak. Gradually quality was improved, 
until rayon became a fine, soft, lustrous, 
durable thread, very popular for a wide 
variety of woven and knitted goods. From 
about 1 million pounds in 1912, production 
rose rapidly to nearly 500 million pounds 



Nylon yarn being baked in “twist setting oven” 
before being wound on spools and cones for ship- 
ment from the du Pont plants at Seaford, Delaware, 
and Martinsville, Virginia. 

in 1940 and 854 million pounds in 1946. In 
1947 nearly 2 billion linear yards of broad 
woven rayon fabrics were produced in this 
country, compared with one-half billion 
yards of woolen and worsted goods and 
nearly 10 billion yards of cotton goods. 
Viscose rayon, made of wood pulp, is the 
principal type manufactured, and acetate 
rayon, made of cotton linters, holds second 
place. Acetate rayon textiles are water- 
proof and are somewhat more costly than 
viscose. From these two basic materials, 
a bewildering selection of fabrics of varied 
types and qualities are manufactured for 


clothing, draperies, and upholstery. The 
use of rayon since World War II has in- 
creased in virtually every field except that 
of hosiery. 

3. Nylon. The most recent romance of 
the textile industry has been- the rise of 
nylon. In 1939 the Du Pont Corporation 
began the first manufacture of nylon, in 
Delaware (see Table XVI). This synthe- 
tic fiber, using coal as its basic raw material, 
is stronger and more clastic than any previ- 
ously known fiber. Overnight it became in 
strenuous demand for women’s hosiery. 
Whereas silk had virtually displaced cotton 
for women’s hosiery in the 1920’s, and had 
been displaced in turn by improved rayon 
by 1940, nylon has dominated since 1946. 
War absorbed the first years of big nylon 
production, chiefly for parachutes, but at 
the close of the war in 1945 the industry 
turned to supplying the huge civilian de- 
mand. The following tabulation shows the 
situation concisely: 

Table XVI 

United States Production of 
Women’s P^tll-P'ashioned 
Hosiery 

(thousands of dozen pairs) 



1942 

1914 

1947 

Cotton 

2,171 

210 

300 

Silk 

3,319 

7 

1,098 

Hayon 

2r),lG7 

36,292 

3,919 

Nylon 

3,583 

2 

33,194 


Source: Statistical Abstract of the United States, 
1948. 


The jump in production from 3^ million 
dozen pairs of nylon hosiery in 1942 to 33J 
million dozen pairs in 1947 resulted from 
the widespread recognition of the qualities 
of nylon. It retains its shape better, dries 
faster after washing, and is more durable 
than rayon, and it is warmer than silk, rayon, 
or cotton. Having satisfied the pent-up 
demand for hosiery, nylon is entering new 
fields. Underwear, nightclothes, window 
curtains, boat sails, and high-quality cord- 
age are among the goods now available in 
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this light but strong material. The satura- 
tion point for present synthetic fiber textiles 
and for development of new ones is not yet 
in sight. 

W orsted and woolen goods. The coun- 
tries of the Southern Hemisphere furnish 
the larger part of the raw wool of the world, 
although they account for less than half of 
the world’s sheep population. They raise 
sheep chiefly for wool rather than for mut- 
ton and wool, as is done in the north. 

The northern countries are the chief 
manufacturers of wool goods. In prewar 
production of woolen yam and cloth, the 
United Kingdom was followed by Germany, 
the United States, France, the Soviet Union, 
Japan, Czechoslovakia, Belgium, and Italy. 
As an exporter of wool products the United 
Kingdom held the lead, a position which she 
will probably continue to hold for some 
time. Accessible raw materials from the 
British dominions, cheap power, skilled 
labor, established plants, and splendid con- 
net*tions with market centers all are factors 
conducive to success. 

In the United States the woolen- and 
worsted-goods industries taken together 
rank among the more important in number 
of wage earners employed (146,000 in 
1939). The outstanding centers of manu- 
facture are in New England, especially 
in Massachusetts and Rhode Island, and in 
Pennsylvania, with secondary centers in 
New Jersey, New York, Georgia, Wisconsin, 
and the Pacific Northwest. 

Knit goods. The knit-goods industry 
uses the various fibers-— cotton, silk, rayon, 
wool — singly for some products and in 
complex mixtures for others. As a whole 
it is one of the most important divisions of 
the textile industries, both as to kinds and 
value of products and as to number of em- 
ployees. According to the Sixteenth Cen- 
sus it employed over 250,000 persons. The 
largest manufacturing centers are in the 
no^east, from Pennsylvania to Massachu- 
setts. Southern centers have shown a defi- 
nite upward trend. Localization appears to 
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be chiefly a result of purely economic rather 
than geographic factors. 

Wearing-apparel manufactures. The 
production of ready-to-wear clothing for 
men, women, and children is one of the 
most characteristic results of the shift from 
handicraft to factory methods. This de- 
velopment is pronounced in the United 
States, where the great majority of the men 
and a high percentage of the women buy 
ready-made clothing. In the Old World 
the tailors and dressmakers arc still de- 
pended upon to a considerable extent to 
make clothes to order, while in the humbler 
homes the housewives often do much of the 
garment making, particularly for the women 
and children. In recent decades, however, 
even in Europe the manufacture of ready- 
made clothing for men, women, and chil- 
dren has made great strides, the products 
appealing particularly to those in moderate 
economic circumstances. 

The manufacture of wearing apparel is 
one of the major industries of the United 
States. In 1939 over 700,000 persons were 
engaged in making clothing. Inasmuch as 
the labor factor is exceptionally important, 
the clothing industry tends to be associated 
with great population centers. While 
manufacture of wearing apparel is found 
in practically all important cities, and in 
that sense it is among the most widely 
distributed urban industries, the main cen- 
ters are located in the largest cities. The 
New York-New Jersey industrial area bolds 
first place in both men s and women s cloth- 
ing but has a much greater lead in the lat- 
ter than in the former. The Philadelphia- 
Camden and Chicago industrial areas hold 
second and third place respectively, while 
other important centers are Baltimore, Bos- 
ton, Los Angeles, St. Louis, and Rochester. 

Taken as a whole, the textile and textile- 
products industries are among the most 
important manufacturing activities of nearly 
all industrial countries. Since they deal 
with necessities of life comparable only 
with the preparation of foodstuffs, their rel- 
ative importance continues through periods 
of adversity as well as of prosperity. 
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The Manufacture of 
Rubber Products 

Rubber is one of the few major commodi- 
ties for which the capital interests involved 
in production of the raw material are na- 
tionally distinct from those concerned with 
Its manufacture. More than 95 per cent of 
the crude natural rubber is produced in the 
Malay States, the Netherlands Indies, and 
areas near by, mostly under British or 
Dutch control (see Chapter Eight). The 
United States buys about one-half to three- 
fourths of the world supply, most of the re- 
mainder going to European countries. 

The rubber industry is to some extent re- 
lated to that of the textiles in that many 
rubber manufactures have a fabric or cord 
base. Rubberized cloth for rainproof ap- 
parel, and rubber boots and shoes, were 
among the earliest products, and their man- 
ufacture is still an important phase of the 
industry. During recent decades the great 
demand for rubber in the United States and 
Canada has been for automobile tires, while 
in Europe the bicycle continues to be the 
leading consumer. 

Rubber in the United States, In the 
United States the output of rubber products 
has increased tremendously since the auto- 
mobile became important. In 1939 the 
total value of tires and “camelback” was 
about 600 million dollars. Ohio holds a com- 
manding lead in the manufacture of tires 
and tubes and also ranks well in the manu- 
facture of other rubber articles. Akron, 
which accounted for nearly half of the tire 
production of the United States in 1939, is 
often referred to as the rubber capital of the 
world. The production of rubber boots, 
shoes, soles, heels, and so on, was valued 
at about 80 million dollars. This left about 
215 million dollars of the total value of rub- 
ber products for a multitude of items, illus- 
trating the tremendous importance of 
rubber and the numerous uses to which it 
is put in our modem economy. Among 
these may be mentioned difiFerent types of 
.hose and tubing, difiFerent types of rubber- 
ized fabrics, industrial belting, washers, 


valves, gaskets, insulation products, rubber- 
covered rolls, hard-rubber articles, matting, 
and many others. Southeastern New Eng- 
land (Massachusetts, Connecticut, Rhode 
Island) and New Jersey are the leading 
centers of manufacture of mbberized foot- 
gear and wearing apparel. Nearness to the 
sea — with the consequent demands for 
sailors’ apparel — a fairly moist climate, and 
trade with Africa early led to the manu- 
facture of various kinds of waterproof cloth- 
ing. 

During World War II the United States 
was seriously aflFccted when the Japanese 
cut ofiF the world’s mbber supply by cap- 
turing southeastern Asia. Rapid develop- 
ment of synthetic rubber from petroleum 
and alcohol, and the conservation of do- 
mestic tires through gasoline rationing, en- 
abled us to equip the fighting vehicles. 

The following tabulation shows our pre- 
war, war, and postwar rubber procurement, 
in long tons: 



1940 

194.3 

1947 

Reclaimed rubber 

208,971 

303, *991 

291,39r) 

Synthetic rubber 
Natural rubber 

2,940 

‘^1,722 

r)()8.702 

(imports) 

818,024 

.'j4,92() 

088,354 


Source: Statistical Abstract of the United Stales, 
1948, 


Synthetic rubber, which can now be pro- 
duced in competition with natural mbber 
on the basis of cost, will undoubtedly con- 
tinue in large production because it imparts 
superior wearing qualities to a number of 
products. 

Leather and Leather Goods 

Leather serves many purposes. The 
bulk of it is made into footwear, but con- 
siderable quantities are used for machinery 
belting for the transmission of power in 
factories and for gloves, luggage, and many 
luxury articles. 

The manufacture of leather. The raw 
material used by the leather-tanning indus- 
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try consists of salted or dried hides of cattle 
and horses and the skins of numerous smaller 
animals, such as sheep, goats, pigs, calves, 
alligators, and snakes. With the aid of 
tannin extracted from different barks, 
woods, or fruits — such as oak and hemlock 
bark, quebracho wood from South America, 
or the cup of a particular kind of acorn 
from Asia Minor — ^these hides and skins 
are made into leather. Chemical tanning 
materials, especially chromium compounds, 
are used extensively for the manufacture of 
light types of leather, such as those in de- 
mand for gloves or uppers for shoes. It is 
estimated that well over one-half of all the 
leather manufactured in the United States 
is chrome-tanned. 

Originally a rather close association 
existed between the tanning industry and 
the forests which furnished the tanning 
bark. More recently the industry has 
grown where there is good access to raw 
hides and consumer markets. 

The principal types of hides and skins 
used are those of domestic animals, and 
since these animals are found all over the 
world, the tanning industry is widely dis- 
tributed. Four countries hold outstanding 
leadership in leather production; the 
United States, Germany, the United King- 
dom, and France. All four import large 
quantities of raw material from some of 
the pioneering countries, particularly Ar- 
gentina, Uruguay, Australia, New Zealand, 
and the Union of South Africa, or from 
tropical countries, as for example, India, 
which has far more cattle than any other 
country and where the population, mostly 
poor and barefooted, does not offer a great 
domestic market. 

"Leather tanning in the United States, 
The United States has a large domestic 
supply of hides and skins furnished by the 
meat-packing centers in the Middle West 
and by small producers on farms. The so- 
called “packer hides” are generally pre- 
ferred by the tanning industry because of 
greater uniformity of workmanship, and 
they constitute the principal domestic sup- 
ply. Hides and skins also are imported. 


The geographic distribution of the tan- 
ning industry within the country still re- 
flects to some extent the influence of two 
principal tanning materials: oak bark and 
hemlock bark. The oak tree is most com- 
mon in the Appalachian Mountains, from 
Pennsylvania southwestward, while the 
hemlock occurs farther north in a belt 
which reaches from New England through 
New York and Pennsylvania to Wisconsin. 
Thus, North Carolina, Virginia, West Vir- 
ginia, and Michigan still produce consider- 
able amounts of leather. Pennsylvania 
ranks first in leather production, partly be- 
cause of the early availability of oak bark 
and partly because the center of origin of 
chrome tanning, Philadelphia, is within that 
state. At present much leather is also 
manufactured in or near the states which 
have an important boot and shoe industry. 

Leather-^ goods industries. The coun- 
tries which produce the largest quantities of 
leather are also the principal manufacturers 
of leather goods. Among the various prod- 
ucts of this industry, shoes and boots rank 
first. 

In the United States, the oldest and fore- 
most center of shoe manufacturing is in 
eastern Massachusetts and the near-by por- 
tions of New Hampshire and Maine. Dur- 
ing recent decades the New England shoe 
industry has lost some ground to rival cen- 
ters developed elsewhere. The New York 
industrial region ranks second in the manu- 
facture of leather footwear and is espe- 
cially noted for women s shoes. There are 
secondary centers in southeastern Pennsyl- 
vania and in and near Cincinnati and Co- 
lumbus, Ohio. 

The shoe industry has shown a marked 
development in the states farther west. 
Missouri now ranks third in value of output 
of boots and shoes, the St. Louis industrial 
area being the chief center. Illinois and 
Wisconsin also are important shoe-manu- 
facturing states, with large factories at Chi- 
cago and Milwaukee. Exports of Ameri- 
can shoes are shipped mainly to Cuba, 
Canada, and Mexico. 

The principal glove-manufacturing dis- 
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triet in the United States is located in the 
Mohawk Valley of upstate New York, 
where the towns of Glovers ville and Johns- 
town manufacture over half of all the 
gloves made in this country. 

Among the foreign countries that have 
an important shoe industry, England is 
known for its excellent qualities of men’s 
footwear. The French shoe industry is 
outstanding because of its quality and lux- 
ury production, primarily of women’s shoes. 
French and English gloves are in demand 
the world over. Prior to World War II, 
Czechoslovakia had become an important 
exporter of footwear, mainly of women’s 
shoes. 

The Machinery Manufacturing 
Industries 

The conversion of ores to metals, the re- 
fining of metals, and the manufacturing of 
alloys are properly within the province of 
the metallurgical industries — that is, the 
iron and steel, copper, aluminum, and other 
industries. The shaping of tliese metals 
into specific parts and their assembling into 
workable units is the proviiic*e of the ma- 
chine industries. These industries have de- 
veloped in response to available skilled 
labor and to markets in need of their 
products. 

The extent to which countries produce 
machinery is a fairly accurate criterion of 
their degree of industrialization. The 
countries of Europe and North America are 
the only ones with highly developed manu- 
factures of machinery. In Asia, Japan at- 
tained considerable prominence after 1920 
and India has lately made important 
progress. 

For the machine industries as a whole, 
the leadership of the United States is un- 
disputed. This supremacy must be attrib- 
uted to the wealth of raw materials of man- 
ufacture, plentiful fuel and power resources, 
abundance of land and other resources 
open to development, lack of cheap labor, 
inventive genius of the people, a large do- 
mestic market, and a stable government 
which has made capital feel secure. No 


single factor or group of related factors can 
suffice to account for the industrial achieve- 
ment of today; it is the result of many fac- 
tors, some environmental, some economic, 
and some social and political. 

As classified by the census of 1939, the 
manufacture of machinery other than trans- 
portation equipment ranked second in value 
added by manufacture and third in number 
of wage earners. 

Three branches of the machinery indus- 
try which are of special importance because 
of their relationships to the industrial sys- 
tem in general are: (1) the machine tool, 
(2) the textile machinery, and (3) the agri- 
cultural machinery industries. 

Machine tool industry. The machine 
tool industry is of basic importance because 
it produc*es the machines, such as power 
drills, lathes, saws, shears, and forges, that 
are necessary in the manufacture of all 
other machines. 

On the basis of the number of wage earn- 
ers employed, the leading centers are lo- 
cated in Ohio, Connecticut, Illinois, and 
Massachusetts. There is no cjear-cut dif- 
ferentiation in the products made, and it 
seems evident that the chief requirement 
for location is accessibility to the factory 
centers where prompt service in providing 
and maintaining tooling machines is needed. 

Textile machinery. The textile machin- 
ery industry includes the manufacture of 
equipment used in the various kinds of 
textile mills, from jute to silk, and through 
all the processes, from working raw stock 
to finishing the finest fabrics. This indus- 
try flourishes to a greater or lesser degree 
in connection with the textile manufactur- 
ing districts in the various countries. Those 
which have large textile industries invari- 
ably have important textile machinery 
manufactures. This is true of the United 
States, the United Kingdom, France, Ger- 
many, and Italy. Countries of lesser impor- 
tance in textile manufactures buy more of 
their textile machinery abroad. Because of 
the frequent changes in technology in the 
textile industry, plants must frequently buy 
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improved machinery to keep abreast of 
their rivals in this highly competitive in- 
dustry. 

In the United States, Massachusetts holds 
first rank, followed by Pennsylvania and 
Rhode Island. This industry has been 
successfully maintained in the northeast 
despite the southward movement of the 
cotton textile industry. It is noteworthy, 
however, that textile machinery factories 
are beginning to develop in the southeast, 
particularly in the Carolinas, South Caro- 
lina being seventh in number of wage earn- 
ers in 1939. In shoe manufacturing mach- 
inery New England has retained its lead 
even more completely. 

Agricultural implements. Every na- 
tion uses agricultural implements of some 
kind in connection with its farming activi- 
ties. Where labor is cheap, as in India or 
China, the equipment is simple, most of it 
being tools such as spades, hoes, rakes, and 
flails. Where fields are small and labor 
only moderately plentiful, as in Sweden and 
France, more complicated machinery, but 
of relatively small size, is needed. Only in 
countries where fields are large and labor 
scarce, as in Canada, the United States, the 
Soviet Union, Argentina, and Australia, are 
there demands for large and highly efficient 
agricultural implements. 

In the manufacture of complex and ex- 
pensive agricultural machinery, it is inevi- 
table that the country with a large home 
market should have the advantage, particu- 
larly if that country has modern industrial 
facilities. In the United States, the manu- 
facturers of agricultural machinery are fa- 
vored by the fact that the country has large 
iron and steel plants from which they can 
obtain the needed iron and steel rods, bars, 
and sheets. The large-scale farming which 
characterizes much of the country provides 
a substantial market for the sale of large 
agricultural machinery. Given these fac- 
tors, it is easy to understand why the 
United States has become by far the world's 
leading manufacturer of agricultural im- 
plements. 

The principal manufacturing centers in 


this country have developed where their 
products are mo.st needed and where the 
essential raw materials, power, and labor 
are available. Illinois and Indiana are the 
leaders in production, followed by Ohio 
and New York. 

Foreign i’rade in agricultural machin- 
ery. From 1920 to 1929 agricultural ma- 
chinery was one of our leading exports. 
In 1929 we .sold abroad over 140 million 
dollars’ worth of farm machinery, or about 
half of our output that year. Chie^f cus- 
tomers were Canada, Argentina, and the 
Soviet Union. The depression years ( 1930- 
1933) wrought havoc with this business; in 
1933 we exported only 12 million dollars' 
worth. In those four years, Canadian pur- 
chases of agricultural machinery from us 
dropped to one-fifth of their previous value, 
Argentine imports to one-thirtieth, and Rus- 
sian to one two-hundredth. The interde- 
pendence of industry and agriculture at 
home and abroad was sharply demonstra- 
ted. When the Canadian, Argentine, and 
Russian farmers could not sell their prod- 
ucts to advantage, American machinists lost 
their markets and jobs. In the postwar 
period, our exports of agricultural machin- 
ery have soared: 158 million dollars* worth 
in 1946, and more than 300 million dollars’ 
worth in 1947, no doubt in response to the 
pressing needs abroad for machinery to 
help rebuild the facilities for food produc- 
tion. 

The Electrotechnical Industries 

World production of electrical energy de- 
rived from falling water and from fuel is 
increasing rapidly, both in the highly in- 
dustrialized and the less-developed coun- 
tries. 

North America and Europe produce and 
con.sume the bulk of the world's electricity, 
but even in these continents electrical de- 
velopment is uneven. In Switzerland, Nor- 
way, and some parts of the United States, 
for example, the use of electricity in homes 
and industries is much more common than 
in Great Britain, Belgium, Germany, or 
France, even though the latter are all coun- 
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tries with highly developed modem indus- 
tries. Even in the former countries, how- 
ever, there is considerable room for further 
increase in the consumption of electrical 
energy. In the United States, low-priced 
current is being increased by the large-scale 
hydroelectric and steam-generating plants 
which have been completed or are plan- 
ned; in his annual report published March, 
1949, the Secretary of the Interior urged 
that hydroelectric power be increased 40 
million kilowatts within the next 20 years 
beyond the 17 million kilowatts then avail- 
able. 

The hydroelectric industry is one of the 
few that has increased substantially above 
prewar levels in western and central Eu- 
rope. In eastern Europe the huge, indus- 
trially retarded Soviet Union is vigorously 
expanding its output of electric power. 

Distribution. In response to this grow- 
ing use of electricity, the electrotechnical 
industry, which manufactures machinery 
and equipment ranging in size from the 
smallest appliances to the largest dynamos, 
has rapidly come to occupy a strategic posi- 
tion in the modern economic stmcture. 
The principal seats of this industry are 
found in the countries which have large 
consumption of electrical energy and at 
the same time possess highly specialized 
and well-established machinery industries. 
Other essential factors are, of course, 
capital resources and an adequate supply 
of skilled labor. 

In quantity and value of products, the 
electrotechnical industry of the United 
States ranks first by far and is followed at 
a considerable distance by Germany, the 
United Kingdom, and France. Among the 
smaller producers must be mentioned espe- 
cially Canada, Sweden, Italy, and the 
Netherlands. Japan and the Soviet Union 
made rapid progress in this field before 
World War II. 

Electricity was first used on a large scale 
in the great city centers, and they have re- 
mained the principal markets for electrical 
goods. The electrotechnical industries have 
tended to develop near large cities. 


The United States. In the United States 
the principal manufacturing centers are lo- 
cated in the northeastern industrial area. 
The Chicago and New York-New Jersey in- 
dustrial areas lead all others in the produc- 
tion of electrical machinery, apparatus, and 
supplies. Centers of lesser importance arc 
Philadelphia, Pittsburgh, Boston, Schenec- 
tady, Cleveland, Toledo, and Youngstown. 
Elaborately equipped research laboratories 
— ^such as have been established at Sche- 
nectady, Pittsburgh, and Cleveland — ^have 
been highly effective in promoting the de- 
velopment of the electrotechnical industry. 
Their discoveries have led to the wide- 
spread use of new and improved appliances 
which have made possible higher standards 
of living for consumers and producers alike. 

Europe. The electrotechnical industries 
are well developed in all the leading coun- 
tries of Europe, notably in England, Ger- 
many, France, and Italy, the two first- 
named being well in the lead. Berlin is 
normally the foremost center in Germany. 
Other important German centers are the 
Ruhr-Rhine region, Saxony, aod the cities 
of Stuttgart and Niirnberg. 

England is particularly nok'd for its man- 
ufactures of cables and heavy electrical 
apparatus. Among the principal centers 
are the Birmingham, Manchester, and Lon- 
don industrial areas, where power, labor, 
and markets are all readily available. The 
Netherlands, Sweden, and Czechoslovakia 
have become important producers of house- 
hold electrical equipment. 

Exports of electrotechnical products. 
As a result of the progress of electrification 
even in relatively remote parts of the world 
— such as Australia, New Zealand, and Ar- 
gentina — ^the international trade in machin- 
ery and equipment needed for the produc- 
tion and consumption of electricity has 
greatly increased in importance. The prin- 
cipal producers also are the principal ex- 
porters — the United States, prewar Ger- 
many, and the United Kingdom. The 
exports of the United States are shipped 
largely to Canada and to Latin America, 
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with the European market, however, not 
far behind. Germany had its principal 
market on the continent, while most of the 
British exports go to other parts of the 
Empire. 

The Transportation Equipment 
Industries 

Equipment with which to move people 
and goods may quite properly be classed 


equipment industries, taken collectively, 
a)nstitute one of the leading manufacturing 
groups of the nation. Even if railroad re- 
pair shops were not included, they ranked 
fifth or sixth among the major groups of 
manufactures at the time of the 1940 census. 

During W^rld War II, transportation 
equipment manufacturing in the United 
States increased more than any other in- 
dustry except munitions. In the years of 
peak production — 1943 and 1944 — when 
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as one of the fundamental material needs of 
modern man. The stage of industrial civi- 
lization attained by any people is indicated 
by their mode of transportation. Those 
highest in the scale motor over land and 
sea or through the air; those lowest in the 
scale walk on land or paddle their way over 
sheltered waters in crude canoes. The in- 
dustrially progressive countries have made 
great advances in building railroads, steam- 
ships, and motor vehicles. 

In the United States the transportation 


total manufacturing in the United States 
was 78 per cent above prewar (1939) pro- 
duction, manufacture of automobiles was 
up 82 per cent, locomotives 454 per cent, 
ships 1,669 per cent, aircraft 1,903 per cent, 
and aircraft engines 2,546 per cent 

Railway equipment In general, rails 
are made directly by the rolling mills con- 
nected with the larger steel plants and are 
included among the products of the iron 
and steel industry. Tliis discussion, there- 
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lore, refers only to rolling stock equipment, 
such as engines, tenders, cars, coaches, and 
accessories. 

Although the railway repair shops are 
largely service institutions, the larger ones 
carry on true manufacturing operations and 
are necessary factors in the success of any 
railway system. Repair shops, equipped 
and manned so as to be able to rebuild 
engines and rolling stock, must be a part of 
the railway transportation industry whether 
the country be as highly industrialized as 
Belgium or as slightly so as Paraguay. In 
the United States the railroad repair shops 
constitute an important industry. 

Railway equipment is manufactured by 
the countries which have both large steel 
industries and important home markets. 
Such countries are in the most favorable 
situation to supply equipment to less indus- 
trialized c‘Ountries which have need for 
railway cars and locomotives. The United 
States, England, and Germany are examples 
of the former class, while Mexico, Argen- 
tina, and Australia illustrate the latter. As 
a result of the destniction of rolling slock 
and factories during World War II, there 
followed a large postwar demand in France 
and other European countries for Ameri- 
can locomotives and railway cars (see Ulus, 
p. 509). 

T he motor vehicle industry. The motor 
car is a European invention which was con- 
\Trted from a luxuiy product to a common 
necessity by American mass production 
through standardized machine methods. 
Its extensive use has led to results in indus- 
try almost revolutionary in sc’ope. Little 
did those who viewed the French car de- 
signed by Panhard in 1894 dream that 
within the next five decades the motor in- 
dustry would fill the highways of the United 
States with its products. Ilie world-wide 
significance of the motor-car industry is 
reflected in the fact that on January 1, 1948, 
there were more than 53,000,000 motor ve- 
hicles in use in the world: 39.5 million pas- 
senger cars and 13.5 million trucks and 
busses. Of the total number of vehicles, 
the United States was credited with 37,883,- 


265 ( 41 million by 1949), the Soviet Union 

3.000. 000, Great Britain 2,678,000, France 

1.640.000, and Canada 1,786,000. North 
America and Europe combined account for 
about 95 per cent of the world s motor cars 
and for practically the entire motor-car in- 
dustry — another illustration of the prepon- 
derance of these continents in the realm of 
manufacturing. 

The United States, with more than half 
the world s tnicks and more than three- 
quarters of the world’s passenger cars, is the 
only anintry where motor-car manufacture 
is of such tremendous significance that the 
industrial prosperity of the nation is in- 
separably connected with it. The Ameri- 
can people spend approximately one-tenth 
of their national income for the purchase 
and operation of motor cars, this item ex- 
ceeding ('very other class of merchandise 
exc't'pt that of food and food products. The 
significance of motor-car manufacturing to 
various other industries is indicated by the 
high percentage of their produc'ts it con- 
sumes: for example, 20 per cent of the steel, 
54 per cent of the malleable iron, 80 per 
cent of the rubber, 43 per cent of the plate 
glass, 23 per cent of the aluminum, 34 per 
cent of the lead, and so on. * Every state in 
the Union and many foreign countries sup- 
ply materials for this industry. A promi- 
nent automobile manufacturer has stated 
that his company alone uses in a year the 
total output of cotton produced on 433,000 
acres, the wool from 800,000 sheep, the 
leather made from the hides of 30,000 cat- 
tle, the hair from 875,000 goats, 500,000 
bushels of com, and the beeswax produced 
by 93,000,000 honey bees. The economic 
importance of the motor-car industry to 
farms, mines, factories, and labor can 
hardly be overstated. 

Centers of automobile manufacturing 
IN THE United States. The earliest auto- 
mobiles were popularly known as horseless 
carriages. Prior to the motor-car age, the 
most successful centers for the manufacture 
of wagons and buggies had developed in 
the eastern part of the great grain-growing 
belt, where raw materials of softwood, 
hardwood, iron and steel, power re.sourc'es. 
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labor, and markets in the fast-growing in the west so as to save shipping space and 

prairie farmlands were all at hand. Michi- reduce costs. 

gan, Wisconsin, Indiana, and Ohio had al- Trends of trade. The inotor-cixr indus- 
ready developed prosperous wagon and try is essentially a development of the pres- 

carriage factories. ent century. The census reported only 

When motors, particularly internal com- 4,192 cars and trucks made in the fiscal year 

bustion engines, were applied to loc'omotion ending ]une 30, 1900. At first, growth was 

it was natural that they should first be slow; the annual output did not reach the 

mounted on carriages, and it was equally 100,000 mark until 1909, and the 1,000,000 

natural that carriage makers and motor mark was first exceeded in 1916. Since 

makers should combine their plants. Some 1922, in every year except 1932, 1933, and 

of the well-known carriage makers who the four war years, the 2,000,000 figure has 

turned early to automobile manufacture been exceeded, and in 1929, nroduction 
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United Airlines Douglas DC-6 Mainliner 3i)0 in flight. At about what speed per hour do modern com- 
mercial air ships travel? 

were Haynes, Mitchell, Olds, and Stude- reached 5,358,420 motor vehicles, a figure 
baker. A few firms still carry proudly on not again approached until 20 years later, 
the flags above their factories the names It seems clear that, although the period of 
of their pioneer wagon makers. The cen- rapid expansion may be over, the motor-car 
ters of manufacture remain in the states industry will continue to hold a position of 
which were leaders in the carriage industry, front-rank importance in the economic life 
The manufacture of motor cars thus is of the nation, 
distinctly localized. In 1939 about half of Foreign trade. The drop in exports of 
all the wage earners in the motor-car indus- American automobiles following 1929 was 
try were employed in Michigan; Ohio was even greater than in many other lines, 
second with about one-eighth, followed in The people of importing countries appar- 
tiirn by Indiana, New York, Wisconsin, and ently still c*onsider motor cars as luxuries; 
other states. In recent years there has in periods of economic adversity, trade in 
been a tendency toward the building of luxury articles suffers more than trade in 
automobile assembly plants in several cities articles essential for carrying on the cus- 
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tomaiy activities of life. In 1929 the total 
value of motor cars, parts, and accessories 
exported was $557,000,000; in 1932, it 
dropped to $83,000,000. Recovery was 
rapid, and in 1947 peacetime exports passed 
the billion-dollar mark for the first time. 
In 1944, war exports of motor vehicles for 
military use reached the fantastic total of 
$5,297,917,000. Before the war, value of 
passenger car exports was about twice as 
great as that of trucks. Since the war, 
tnick exports have predominated. 

Before World War II Canada was easily 
our largest foreign customer for automo- 
biles, followed by the Union of South 
Africa, Argentina, Brazil, Mexico, and north- 
western European countries. In 1947 Ar- 
gentina was the largest buyer, followed suc- 
cessively by Brazil, Canada, Mexico, South 
Africa, and Belgium. 

The aircraft industries. Since the first 
succ*essful flight in a powered plane, made 
by Wilbur and Orville Wright in 1903, 
aircraft production has alternated between 
boom periods, occasioned by military de- 
mand, and relatively slack periods. The 
first commercial sale was made in 1909 by 
the Wright brothers to the United States 
Army. World War I became the first ex- 
tensive proving ground, leading to impor- 
tant improvements in aircraft design. 
After that war, commercial use of the plane 
expanded until now most parts of the world 
are served by commercial lines. Aircraft 
have developed from the early wood-wire- 
and-cloth biplanes to the modern aluminum 
monoplanes, and weight of aircraft engines 
has been reduced from nearly 16 pounds 
per horsepower for the Kitty Hawk to one 
pound per horsepower for modern planes 
(see Ulus. p. 511). 

All modem industrial countries are en- 
gaged in aircraft manufacture, but in none 
has output been as great as in the United 
States. The number of wage earners en- 
gaged in the manufacture of aircraft and 
parts in this country was 3,543 in 1919, 
14,710 in 1929, and 62,000 in 1939. In 1939, 
279 million dollars’ worth of planes and parts 
were produced. In 1940, President Roose- 


velt issued his call for an annual production 
of 50,000 planes, an “impossible” figure. 
By 1943 production-worker employment in 
the manufacture of aircraft and parts was 
1,903 per cent above that of 1939, and em- 
ployment in production of aircraft motors 
was up 2,526 per cent. In all, the wartime 
production amounted to 300,000 planes. 
Though production after the war dropped 
far below its wartime peak, the production- 
worker index in the aircraft industry in 1946 
still was three times as high as in 1939. 

Geographical distribution of aircraft 
INDUSTRIES. The manufacture of aircraft 
and aircraft parts is widely distributed in 
the United States. Because it lacked de- 
pendence upon bulky raw materials, this 
latecomer on the industrial scene did not 
have to confine itself to existing industrial 
centers which had specified characteristics. 
Early aircraft centers, it is true, were in the 
industrial east, and even at the beginning 
of the great expansion in 1940 Baltimore 
and Buffalo still were major centers of the 
industry. Los Angeles and its satellite 
cities, however, had also become a leading 
center, favored by the mild. weather that 
permitted flight testing of planes at all 
seasons. In the expansion/associated with 
World War II, the government encouraged 
the establishment of new plants throughout 
the heart of the country instead of along the 
more exposed coasts and financed new 
plants at such places as Fort Worth, Tulsa, 
Kansas City, and Omaha. Other important 
plants are at St. Louis, Wichita, Seattle, and 
several smaller cities. The aircraft motor 
industry has remained concentrated largely 
in the northeast, at Cincinnati, Indianapolis, 
and other towns from Muskegon, Michigan, 
to East Hartford, Connecticut. 

The large size of modem planes does not 
lend itself well to compact settled assembly 
lines such as exist in the automobile indus- 
try. As a result, plane manufacture is done 
by means of many sub-assemblies, some- 
times from different plants, and a final mas- 
ter-assembly into the completed plane. 
The rapid development of improved de- 
signs and the competition of commercial 
airlines to outdo each other with bigger, 
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faster planes make aircraft manufacturing 
a highly competitive, fluid industry. 

Export trade. American export trade 
in aircraft and accessories is an important 
phase of the industry. Latin America is 
ordinarily the foremost market for commer- 
cial planes owing to its need, its nearness, 




Courtesy U S. Maritime Commission 

Bow of the steamship America^ largest ship of 
the American merchant marine to date, under con- 
struction in the shipyards at Newport News, Vir- 
ginia. Although new yards were built during 
World War II at other southern and western pirts, 
Newport News and the great shipyards at Brooklyn 
and along the Delaware River have retained their 
earlier importance. 

and its contacts with American producers. 
Aircraft service is a highly practical means 
of transport and communication for the 
countries beyond the Rio Grande because 
of their vast areas not serviced by railroads 
or motor highways, and we may expect 
this trade to become increasingly important 
in the years ahead. 


Tie boat and shipbuilding industries. 
Boats were perhaps the earliest vehicular 
means of transportation built by man, and 
water transportation remains one of the 
foremost means of haulage, and also usually 
the most economical. However, until quite 
recently boats were small and slow-moving; 
even steamships were of comparatively 
small size until the latter part of the nine- 
teenth century. During the past four dec- 
ades great strides forward have been made 
in size, speed, and efficiency. 

The tonnage of the merchant marine fleet 
of the world furnishes a fairly accurate in- 
dex of the shipbuilding industry. The ac- 
companying table presents the situation just 
before and just after the war. It is appar- 
ent that the rank of the United States and 
Britain was reversed during the war, and 
that in proportion to area and population, 
the Norwegians, Swedish, and Dutch are 
leaders as seafaring people. The impor- 
tance of the shipbuilding industry is, in 
general, proportionate to the importance 
of the ocean shipping of a nation. 

Shipbuilding in the United States. 
Water transportation in this country in- 
volves lakes, rivers, coastal waters, and the 

Table XVII 

Merchant Marine of the World 
AND OF Leading Countries 
Before and After 
World War II 
(gross tons, 000 omitted) 



1939 

1946 

World 

,^i8,27() 

71,000 

British Empire 

17,770 

18,064 

United States 

8,12r) 

35,363 

Japan 

. . .M02 

1,086 

Norway 

4,449 

2,934 

Germany 

. .. 3,916 

800 

Italy 

. .. 3,178 

.^>76 

France 

. 2,678 

1,371 

Netherlands 

2,670 

1,591 

Greece 

1,698 

619 

Sweden 

1,312 

1,438 

U, S. S. R. 

. . . . 1,136 

1,852 

Denmark . . 

. . . 1,042 

641 


Source: U. S. Maritime Commission. 


514 


ECONOMIC GEOGRAPHY OF SELECTED INDUSTRIES 


open ocean. The importance of the Groat 
Lakes shipping is indicated by the fact that 
the Detroit River is the busiest canal in the 
world, handling six time's as much traffic as 
the Panama Canal; and Duluth-Superior is 
sc'coud only to New York among American 
ports in volume of shipping. Ships also ply 
the larger rivers, and others serve the sea- 
j)orts. An important boat and shipbuilding 
industry has developed to provide vessels 
and service docks for these transportation 
lines. 

Since shipyards for building seagoing 
ves.sels must be located adjacent to deep 
water, tiny are generally constructed at or 
near large shipping ports. Other geo- 
graphic factors of importance are availa- 
bility of labor and of the materials neces- 
sary for construction, especially steel. In 
the United States the largest centers are at 
Quincy, Massachusetts; Kearney and Cam- 
den, New Jersey; Chester, Pennsylvania; 
and Newport News, Virginia (see Ulus. p. 
529). There are also important shipyards 
on the Pacific, Gulf, and south Atlantic 
c'oasts. During World War II, Portland, 
Oregon, added a shipbuilding industry with 


a payroll of 100,000 workers. As with air- 
planes, shipbuilding was increased prodigi- 
ously during the war, over 100,000 new 
ships, of all types, having been produced. 
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TRANSPORTATION AND COMMERCE 


If you live in the nortoeastebn 
United States, every time you buy an or- 
ange from California nearly half the price 
you pay represents the cost of transporting 
the orange from California to your grocery 
store. If the orange comes from Florida, 
about one-third of the price represents 
transportation costs. The only way to 
avoid paying the railroad fare for the orange 
is to live near an orange grove in California, 
Florida, or Texas. Then you would have 
to pay the cost of shipping your shoes from 
Boston, your new automobile from Detroit, 
and your automobile tires from Ohio. In 
modern civilization, the costs ol transporta- 
tion cannot be escaped, but the real benefits 
of transportation can be enjoyed. Without 
a good transportation system, the iiortheast- 
erner would not be able to eat oranges and 
enjoy the countless other consumer goods 
that are brought from a distance to feed, 
clothe, shelter, and amuse him. Further- 
more it would not be economically possible 
to have large orange groves at the produc- 
ing end of the line. 

Importance of transportation to re- 
gional specialization. Geographically, 
then, a major significance of transportation 
is the fact that it enables areas to specialize 
in production and to exchange their prod- 
ucts for other goods in which other areas 
specialize. This geographical division of 
labor permits large-scale production and 
sale of crops, minerals, lumber, and manu- 


factured products at much lower costs than 
would be possible if every family or every 
physical or biological region tried to be self- 
sufficient. The existencx' of a modern city 
would be impossible without some way of 
shipping out and selling the manufactures 
or services of the city and shipping in food, 
clothing, and building materials from out- 
side. 

By tying together the diverse rural and 
urban landscapes which it helped create, 
the transportation system makes a whole 
nation and to a considerable extent the 
whole world into a single market. The 
United States is an outstanding example of 
the economic and cultural “unity through 
diversity” brought about by an excellent 
transportation system. 

If the transportation system has induced 
more people to concentrate in cities, it has 
at the same time permitted decentralization 
of city workers into suburban homes, and 
has ended tlie proverbial isolation of rural 
life. The automobile, for example, has in- 
creased the range and speed of the country 
doctor. It also has improved school facili- 
ties by making possible bus-served consoli- 
dated schools, tlms bringing the advantage 
of division of labor in teaching to small 
communities that otherwise could not have 
afforded it. 

The utter dependence of modern states 
upon the transportation system is brought 
into sharp focus during wartime. In 
World War II, for example, the military 
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])luniiing of the United Nations both in the been gradually brought to her knees by the 
West and in the Orient was directed first relentless campaign of submarines and air- 
toward destruction of the means of trans- planes, to the point where she no longer 
portation of the cmemy. For example, the had the merchant shipping so vital for her 
Normandy invasion was preceded by weeks economic lile and war activity. 



Courtesy U S Maritmic Commission 

Where rail and water meet, at Weehawken on tlie New Jersey side of tlio lower Hudson River. A 
part of the facilities that give the port of New York its shipping capacity of 1,900 carloads per day. 

of ceaseless bombing of enemy airfields, rail- Transportation as an element of the 
road mar.shaling yards and bridges, and landscape and of economic life. Besides 
highway bridges, and by months of bomb- their importance in the regional develop- 
ing aircraft and ball-bearing factories, oil ment of the world, the forms of transporta- 
storage facilities and refining plants, essen- tion are themselves important features in 
tial for construction and fueling of vehicles, the culture landscape of the geographic 
When the invasion finally occurred, the scene# The railroad tracks and yards, the 
enemy was unable to move swiftly and so ribbons of highway, the huge surfaces of 
rearrange his troops as to meet the shifting airfields, the conspicuous petroleum tank 
threats of the new front. Similarly, before farms, and the lines of docks and ware- 
the knockout blow in the Orient, Japan had houses of the great ports, are as truly a 



TRANSPORTATION 

part of the earth's surface today as the veg- 
etation, land forms, cultivated fields, and 
houses (see Ulus. p. 516). 

At least one out of every seven people 
in the United States earns his living from 
the transportation industry and its support- 
ing industries. In 1947, for example, auto- 
mobile manufacturing employed 2,369,985 
people, railroads 1,352,000, automobile 
sales and servicing 1,310,724. Additional 
millions are employed as truck drivers, pe- 
troleum refinery workers, producers of steel 



Photo htj Mary Li^iiy w JR U Light- Focus of AfrUra, 
American Geographical Society. 

Primitive transportation. Women at Juba, Aiiglo- 
Egyptian Sudan, carrying charcoal to market. 

and other raw materials used in automobile 
manufacture, highway workers, and air- 
plane factories. The ramifications of the 
transportation industry' are indeed exten- 
sive. 

Along with consideration of the transpor- 
tation systems themselves, we will pay brief 
attention to the development of commerce 
and trade with which the systems are in- 
extricably linked. 

Forms of Transportation 

The principal forms of transportation in 
the modem world are railways, waterways, 
pipe lines, highways, and airways. Each 
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of these forms is used for interregional 
transport within one nation and for trans- 
port between nations, and each (except 
pipe lines ) carries both freight and passen- 
gers. Waterways are of the inland type- 
rivers, lakes, and canals— and of the ocean 
type. Highways in the broadest sense in- 
clude trails as well as roads for wheeled 
vehicles, though today in the United States, 
highway traffic is commonly thought of as 
automobile traffic. 

Relative importance of different forms 
of transportation. The relative impor- 
tance of the various forms of transportation 
is constantly shifting in the course of tune 
and also differs greatly between different 
geographic regions at a given time. 

Of tour or five great historic shifts that 
have occurred in the prevailing form ol 
transportation since man depended entirely 
upon his own back for carrying loads (see 
Ulus, at left), two began before the Chris- 
tian era, one has taken place within the past 
hundred years, and one within the past 
forty years in the United States. A fifth 
is just getting well under way. 

Animal power. The ultimate in stream- 
lined modern land transportation in one of 
tile most advanced countries of the world, 
Egypt, around 3,000 b.c. was the donkey. 
Some geniuses had succeeded in domesti- 
cating wild donkeys, and in developing har- 
ness by means of which a donkey could 
carry a load twice as heavy as could a hu- 
man porter. Furthermore, one man could 
manage a train of several donkeys, thereby 
multiply manyfold the means of trans- 
porting products. The use of animal 
power developed early in southwestern 
Asia, too, and larger animals such as horses 
and camels were trained, but the idea 
spread slowly to the rest of the world ( see 
Illus. p. 518 ) . Even 4,500 years later, when 
Columbus arrived in America, the Ameri- 
can Indians were still depending largely 
upon human power for transportation. 
The Incas had the llama as a beast of bur- 
den, and the Eskimos had dog sleds, but 
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most Indians, including even the Aztecs, 
had no animal transport. 

A second great stride in transportation 
was the application of animal power to 
wheeled vehicles. An animal can pull sev- 
eral times as heavy a load with a cart or 
wagon as it can carry on its back. The 
first known use of wheeled vehicles was for 



Photo by E. Gy get, Courtesy Official 
Information Bureau of Sivttzerland. 

Mule train delivering mail, Lotschen Valley, 
Switzerland. Animals can travel on steeper, nar- 
rower, and cheaper roads than automobiles or rail- 
road trains, and therefore remain important means 
of transportation in many mountainous areas. 

war. The Hyksos, with the advantage of 
possessing the horse-drawn war chariot, 
were able to conquer Egypt between 1700 
and 1600 b.c. Shortly thereafter, wheeled 
carts were being used to haul produce. 
The use of carts gradually spread to more 
and more distant areas and was adapted to 
other types of animals. In England as late 


as 500 B.c. solid-wheeled carts still were 
being pulled by laboring oxen; there were 
then no paved roads. 

The railroad era. For 2,500 years after 
their introduction to Egypt, animal-pow- 
ered vehicles continued to be the most 
advanced form of land transportation of 
freight. Where waterways were available, 
land vehicles could not compete for bulk 
freight with boats using wind or animal 
(towaiig) power. Then, a few decades 
after the creation of an independent United 
States, there occurred a third and in some 
ways the most profound revolution in trans- 
portation: the application of machiiK* 
power to wheeled vehicles. The first loco- 
motive to run on rails was built in England 
by^ Richard Trevithick in 1804. Then fol- 
lowed a s(*nes of small coal-hauling lines 
from indi\idnal mines. In 1825 the Stock- 
ton and Darlington Railroad, the first public 
carrier steam railroad, was built by George 
Stephenson and opened for business. Its 
main puq^ose was to haul coal 12 miles 
from Darlington to Stockton, a port on the 
River Tees, for export. 

In the United States, the prime stimulus 
for railroad building was th^ eagerness of 
Atlantic coastal ports for adequate connc'c- 
tion with the rapidly developing lands west 
of the Appalachians. Baltimore took the 
lead, and the founding of the Baltimore and 
Ohio Railroad in 1827 marked the start ol 
the American railroad system. By 1830 the 
first locornoti\^e was in operation on this 
railroad (see Ulus. p. 338); by 1842 the 
coal fields of Cumberland, Maryland, were 
tapped by the rails advancing along the 
Potomac River; by 1852 the Ohio River at 
Wheeling, West Virginia, was reached; and 
by 1857 the line reached the Mississippi at 
St. Louis. Other lines were being vigor- 
ously pushed, and by the beginning of the 
Civil War the railroads were major factors 
of transportation, with 30,000 miles in the 
United States. In 1869 for the first time 
the Atlantic and Pacific were connected by 
rail, with the closing of the last gap in the 
Union Pacific Railroad. By 1893, when the 
Great Northern Railway reached Puget 
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Sound from the East, the framework of the 
American railroad system was a>mplete, 
with 176,461 miles oi road owned. The ad- 
ditional miles ol road added since then have 
been largely a filling in of the detail of the 
framework. The peak length of the rail- 
roads was 254,036 miles, attained in 1916. 
There has been a slow reduction in length 
of about 11 per cent since then. The 
United States leads the world in volume of 
railroad freight traffic per capita. In 1938, 
such traffic amounted to 11.8 tons per capita. 
In comparison, Canada, Australia, and 
northwestern Europe averaged 5 to 7 tons 
per capita; Argentina and the U. S. S. R., 3; 
Yugoslavia and Romania, 1 to 2; India, 0.24; 
and China, 0.07 tons. 

The rise of automobiles. The inven- 
tion of the internal-coinl)u.stion gasoline 
engine re.sulted in th(‘ development and 
astonishingly rapid multiplication of those 
ubiquitous, self-propelled vehicles known 
as automobiles. Nowhere in the world has 
the rise of the automobile been so great as 
in the United States. In 1895 this coun- 
try had a total of four registered motor ve- 
hicles. TJiirty years later we were defi- 
nitely in the era of automobile passenger 
transportation. The accompanying figures 
in the table indicate the rapidity of the in- 
crease: 


Year. 

Number of 
Fegtshaiwns of 
Privately Owned 

A utomobiles 

Dec. 31 

(lo nearest thou.sancl) 

19(X) 


1905 

79.0(K) 

1910 

4fi9,(KK) 

1915 

2,191,(MK) 

1920 

9,239, (KK) 

1925 

. 19,941.(KK) 

1930 

2fi,532.(KK) 

1935 

. 26.230, (MK) 

1910 

32,035,(KK) 

1945 

30, 638, 000 

1948 

41.038,000 


Source: Bureau of I he Census: Statisiical Ab- 
stract of the United States, 1948; Automobile Man- 
ufacturers Association: Automobile Facts and 
Figures (figure for 1948). 


Along with the widespread ownership of 
automobiles came a tremendous program 
of highway building and improvement. 
Th(» transportation pattern and habits ol 
the c‘Ountry were profoundly affected. The 
rest of the world, too, has experienced im- 
portant development of highway transport, 
though 7 of every 10 automobiles in the 
world today are in the United States. To- 
day there is about one automobile for every 
4 people in the United States, cximpared 
with one for 7 people in Canada, 17 in 
Great Britain, 25 in Frances 70 in the So- 
viet Union, 96 in Mexico, 140 in Czecho- 
slovakia, 144 in Italy, 1,752 in India, and 
15,367 in China. 

The rise of airplanes. Gasoline engines 
soon (in 1903, at Kitty Hawk) proved to 
be light enough to bring to reality the age- 
old dream of flying in self-propelled heav- 
ier-than-air vehicles. Though air traffic 
still represents only a small portion of the 
total volume of passenger, freight, express, 
and mail traffic today, the rate of increase 
in all these categories has been phenom- 
enal. Passenger and :nail traffic has be- 
come definitely important. It is hard to 
realize that as late as 1926 there was no in- 
teniational passenger traffic carried by 
American airlines, and only 5,782 passen- 
gers were flown by our domestic lines 
during that year. The first year with more 
than one million domestic airline passen- 
gers was 1936. The largest upsurge oc- 
curred after World War II: in 1944 there 
were 4J million domestic airline passengers; 
in 1947, 13,189,366 revenue passengers, and 
6J billion passenger miles were flown. The 
acwinpanying table reflects, in terms of 
freight and passengers hauled, the relative 
standing of the five main forms of tran.spor- 
tation in the United States in the last “nor- 
mal” year and shows the principal trends of 
the past 30 years. 

The most striking change shown by the 
table during the &-year period covered 
was the percentage shift in passenger traffic 
from railways to highways. From negli- 
gible amounts in 1916, automobiles jumped 
to over 90 per cent of tlie passenger traffic 
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Table XVllI 

Estimated Inland Intercity Traffic 



Freight 

Pci cent 
of total 
ton-mih'i 

Passenger 
Per rent 
of total 
passenger- 
miles 


lOlfi 

vm) 

IMG 

I9:i9 

Hnilways. . . . 

77.2 

f)2.() 

98.0 

8.0 

SU'iini . . . 

77.0 

i\2S) 

82.1 

8.:i 

Kk'clrir 

0.2 

0.1 

ir>.9 

0.:^ 

Inlaiicl watonvavs 

18.1 

17.0 

2.0 

().r> 

(in‘al Lakes 

1 / at t 

11.2 

0.9 

0.2 

Kivers and 
canals. . 

1.1 

:l7 

1.1 

0.2 

IVtrolciini Inink 





\M\)v lines 

1.1 

o.f) 

— 

— 

Crude 

1 1 

88 

— 

— 

Helinwl 

- 

0.7 


— 

1 lifihways 

H. 

10.0 

♦ 

9(».7 

Airways . 


0.0 


0,2 


KHM) 

100.0 

100.0 

100.0 


— None. 

Data from National Hesources Planning 
Boaid: Tmmporlalwii and Nalional Policy. 

ill 1939, while rail passenger traffic dropped 
from 98 per cent in 1916 to 8.6 per cent 
in 1939. There were 249 billion automo- 
bile passenger miles traveled in 1939 com- 
pared with about 23 billion passenger miles 
for railroads. Passenger traffic on water- 
ways, already small, declined still further: 
most passengers want speed. Airplanes 
had just entered the statistical picture. By 
1947, the relative position of the different 
types of carrier was the same, except that 
air traffic had shot ahead of waterway traf- 
fic, though still amounting to only one- 
seventh as much as railway traffic. 

During World War* II, rail passenger 
traffic quadrupled the 1939 figure; by 1947, 
it had fallen back some, though it was still 
double 1939. On the other hand, automo- 
bile traffic declined during the war, owing 
to restrictions on consumption of gasoline 
for civilian uses. By 1946, it had regained 
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prewar kwels, as gasoline restrictions eased 
and new cars began to appear in some 
abundance. 

In freight movement, the basic geographic 
phase of transportation, the railroads have 
easily maintained their pre-eminent posi- 
tion over all other fonns of transportation 
C'ombined. Under the pressure of war 
nei'ds, rail freight tonnage more than dou- 
bled during the war, and in the early post- 
war period it remained considerably higher 
than in 1939. The inland waterways kept 
their position in second place, although 
their freight had slowly declined about 5 
per Ci^ui by 1946. Pipe' lines doubled their 
pertTiitage of the national haul between 
1916 and 1939, and afterward maintained 
a st(*ady iiicn^ase. Highway trucks were 
slightly ahead of pipe lines in volume of 
freight in 1939. Airways freight haulage 
was and still is very small but growing. 

Comparative economic-geographic ad- 
vantages of transport forms. As new 
forms of transportation have arisen, they 
have only partly rej^laced the older forms. 
All the older forms of transportation persist 
in some parts of the world, most of them 
even in some parts of the -United States. 
Pack donkeys are still widely used in our 
own southwest. Horse-drawn vehicles still 
an* common in many American fanning dis- 
tricts. In the Old World and Latin Amer- 
ica there are vast areas without highways 
and railroads; some of these areas still use 
human porters for moving freight, while 
others use airplanes extensively. 

Before looking at the picture of world 
distribution of transportation systems, it 
would be well to c*onsider what factors 
enter into the decision to develop one or 
another fonn. To some extent the reten- 
tion of older forms of transportation may be 
the result of lack of adequate capital for 
constructing the modern type. Another 
reason may be that the fundamental need 
for large-scale transportation does not exist: 
that is, there may not be resources or popu- 
lation so located as to generate traffic in the 
area. Modern forms would then be pro- 
hibitively costly. Physical features may 
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strongly favor one as against another form 
of transportation. The terrain, such as the 
steepness of slopCJS; and the climate, particu- 
larly the visibility, precipitation, and cold- 
ness of winter, may encourage or com- 
pletely prevent the use of certain kinds ot 
transportation. Each form of transport, 
from donkey to airplane, has its own pecul- 


level plane of water; inland waterways can 
be developed only where nearly horizontal 
streams and canals are possible. Even a 
low range of hills may completely bar the 
use of waterways. By the use of locks, a 
series of successive “steps’" ot water can be 
created for climbing slopes, but slownc^ss 
and expense prohibit the use of these for 



Courtciij Catiadiau Pacific Railroad Co^npany 

Winding through the Canadian Rockies west of Banff, Alberta. In mountainous areas, railroads fol- 
low stream-graded valleys wherever possible Steam engines constitute more than 85 per cent of Amer- 
ican locomotives on Class V railroads today. Railroads help develop three great Western resources shown 
here — timber, water power, and scenery. These resources, in return, support the railroads. 


iar advantages and disadvantages, and 
each is useful in certain areas and under 
some conditions. 

Terrain and transportation. The con- 
figuration of the land profoundly affects the 
types of transportation that can be used in 
a given area. 

Boats require the most level terrain. 
Ocean transport, of course, utilizes the sea- 


great elevations. Even the Panama Canal, 
with its famous and costly locks, at no point 
has its floor higher than 40 feet above sea 
level. 

Existence of natural or improvable ter- 
mini, or harbors, is the critical factor of ter- 
rain for sea or lake transport. 

Railroads are limited to fairly gentle 
slopes, and the avoidance of steep grades is 
the principal technical requirement in lay- 
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ing out rail routes. On a 1 per cent grade 
(a grade that rises 1 foot for every 100 feet 
of horizontal distance) a locomotive can 
pull only one-fifth as heavy a load as on the 
level. The maximum grade of the trans- 
continental lines through the Rockies is 2.2 
per cent. The maximum grade of any 
through line in the Great Smokies is 4.7 
per cent. Even the Peruvian Central, 


by building numerous bridges and trestles 
or constructing tunnels through the moun- 
tains (see Ulus, below). The Alps, in 
the very center of trading pressures from 
Germany, France, Italy, and Austria, have 
16 of the 27 longest tunnels of the world, in- 
cluding the longest one of all, the Simplon 
tunnel 12.3 miles long, on the Swiss-ltalian 
border. Such structures add greatly to the 



Courtesy Official Infurmatton bureau uf iiwitzeilaua 

Electric railroad in the Alps between St. Moritz, Switzerland, and Tirano, Italy. The glacier in tlie back- 
ground is a reminder of the height of tlie mountain passes and tunnels. 


which climbs the Andes to an altitude of 
15,806 feet, the highest point on any stand- 
ard-gauge railroad in the world, has no 
grade steeper than 4 per cent. 

In order to secure minimum grades, rail- 
road routes are selected so as to avoid 
mountains as much as possible, by using 
lowlands or following along the c*ourses of 
naturally graded streams (see Ulus. p. 521). 
Where mountains cannot be avoided, it is 
necessary to carry the grade across canyons 


initial cost of railroad construction, and 
only voluminous traffic would justify their 
construction. 

Another feature of terrain that interposes 
serious and sometimes impassable barriers 
to railroads is water, in the form of rivers, 
lakes, or swamps. Narrow or shallow water 
bodies can be bridged, but large ones can 
only be ferried or avoided. Chicago is the 
classic example of a city which developed 
at a turning point of a great lake. 





Slelch hif A Lnfdcnfrost, Courtesy Tort nj Nco> York Authority. 

(B.) New York International Airport ( Idlewild ) , largest commercial airport m the world, as planned. 
Why does it need a runway nearly two miles long? 
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Automobiles, with their ability to shift 
gear, can climb much steeper gradients than 
can locomotives. Even tnmk highways rise 
and fall at gradients that would require 
trestles and deep cuts or tunnels for rail- 
roads. In mountainous country, roads can 
penetrate into areas entirely inaccessible to 
railroads. In addition, the cheaper cost of 
building simple roads gives trucks access to 


rain conditions of their routes than is any 
other form of transportation. Steepness of 
slope, bogginess of ground, and depth of 
sand along the line of flight are alike incon- 
sequential to these soaring vehicles. The 
critical terrain factor for airlines, as for 
ocean transport, is the character of the ter- 
minal area. A long, flat piece of land is 
essential for take-off and landing. In 1948, 



Courtrsy Pi*rt of New York Authoriiif 

La Guardia Field, New York, hub of tlie busiest air center of the United States. What are the advantages 

of a water approach? 


many places out of reach of the less flexible 
railroads (see Ulus. A, p. 523). 

Human or animal locomotion can utilize 
trails and slopes too steep even for automo- 
biles. The mountainous lands of the world 
have remained a stronghold where pack 
animals such as donkeys, mules, horses, 
llamas, and yaks have not been displaced by 
mechanical power transport (see Ulus. p. 
518). 

Airplanes are more independent of ter- 


one out of every eight of the 5,759 airports 
in the United States had landing strips 4,700 
feet or more in length. One runway at 
Idlewild, New York’s airport for interna- 
tional traflBc, is 9,500 feet long, and the 
entire field covers 7 square miles ( sec Ulus. 
B, p. 523 ) . In addition, the terrain must be 
low for a considerable distance beyond the 
ends of the airfield, because airplanes (ex- 
cept helicopters) can rise from the ground 
only at a rate of about 1 in 20 (a slope of 
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5 per cent), and 1 in 30 is usually provided 
to allow for possible failure of oiu‘ motoi 
during take-off. For manj' cities it is a diffi- 
cult problem to find a level piece of ground 
large enough for an airport. Coa.stal cities 
often can reclaim flat stretches of unused 
marshland. Thus, New York reclaimed the 
mud flats of Flushing Bay on the iK^rth side 
of Long Island for La Guardia Field (.see 


to varying degrees the dependability and, 
in some instance.s, even the possibility of 
existence of some forms of transportation. 

Waicrwaijs of course depend upon the 
existence of enough water for navigation. 
Dry climates are obviously not ideal for 
waterways fed by inland water. The Suez 
Canal runs through a desert, but its water 
comes from the Mediterranean at sea level. 



A Iwo-year record of passenger traffic. Note the regular winter declines in air traffic, and the 
December and summer bulges in rail traffic. The general postwar leveling oft of rail traffic and 
increase of air traffic is apparent. 


Illus. p. 524), the sandy flats on the south 
side of Long Island for the Idlewild Field. 
Water provides unobstructed approaches 
for both fields. In parts of th(* Appalach- 
ians, it is impossible to find adequate flat 
lands. 

Climate and transportation. Depend- 
ability is an important characteristic of 
transportation. Climate and weather affect 


The Panama Canal, on the other hand, ob- 
tains its water from a tropical river. Where 
a river is seasonally low, like the Nile, Indus, 
or Sacramento, navigation must stop or di- 
minish during the dry season unless some 
form of artificial storage of water is adopted, 
by means of dams such as those of Aswan 
and Shasta. 

Cold winters also seasonally prevent navi- 
gation of ^vaterways. Rivers like the Yu- 
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Icon, Mackenzie, and Yenisei can be navi- 
gated only after the spring melt of the 
frozen surface. The New York Barge 
Canal (successor to the Erie Canal) usually 
closes about December 1 and opens again 
about April 1, though the exact date varies 
from year to year. Tlie northern and 
southern portions of the oceans are seriously 
aflFected by ice fields and scattered icebergs 
in winter and spring. The main steamship 
route across the North Atlantic has to be 
shifted some years because of this polar ice. 
Regular navigation along the Northwest 
Passage (Arctic coast of North America) 
is prevented by ice, and regular navigation 
along the Northeast Passage (Northern Sea 
Route) along Asia is conducted for only a 
brief period in summcT. 

Weather c*onditions at the terminals, es- 
pecially at the time of landing, are more* im- 
portant to air transport than are conditions 
along the route. Visibility is the most im- 
portant single weather element for air- 
planes. If dense fog, low cloud, or falling 
snow makes the landing field invisible, com- 
mercial planes ordinarily stay on the ground 
or, if already in the air, sc^ek a different field 
for landing. Modem radio telecommuni- 
cation makes it possible for a plane in flight 
to be directed to an open airport. Even- 
tually fog dissipation or blind landings 
made with special guidance may become 
widespread, but in the winter of 1948-1949 
cancellation of flights owing to weather was 
still the chief annoyance of winter flying. 
The graph on page 525 shows the distinct 
winter drop in air traffic for two representa- 
tive years. 

The question of safety frequently is raised 
in connection with air transportation. As a 
result of cautious operation by the airline 
companies, stringent regulation by the gov- 
ernment, and the improvement of planes 
and navigation aids such as radio beacons, 
the number of accidents on scheduled 
flights has been reduced to a low figure. 
The number of passenger fatalities per 100 
million passenger-miles by diflFerent means 
of transportation for two years a decade 
apart is contained in the following fig- 
ures: 




1944 

Railroad trains. . . 

0.24 

0.26 

Pul)lir carrirr busses . 

0.64 

0.22 

Passeni^er cars and taxis . . 

5.;^ 

2.9 

Scheduled uirlint^s . 

. 6.8 

2.12 


Soiirpc: Ai-luarial Society of America, Report 
of Committee on A nation; and Air Transjiort 
Association of America. 


Air fatalities were more numerous pro- 
portionately than those of trains and busses, 
but somewhat fewer than those of private 
automobiles. Weather was re.sponsible for 
about one-fifth of the airplane accidents. 
In number of nonfatal injuries, airlines 
would make a better showing, because air- 
plane accidents are more likely to be fatal 
than train or passenger car accidents. Fur- 
thermore, in 1944 automobiles made an ab- 
normally good showing because* oi wartime 
restrictions on gasoline and speed. Al- 
though railroads consistently show lowest 
immb(*r of fatalities, all the forms of trans- 
portation giv(* you a chance of better than 
20 million to oik* of reaching the end of a 
given mile ali\’e. 

Higlmaij traffic may be slowed or 
temporarily blocked by snowfall and by 
glaze in lands of snowy wint(^rs. In severe 
snowstorms, snowplows may be unable to 
keep even the main highways open. In 
thinly settled areas like northern Canada 
and nortlieni Russia, the people change 
their forms of transportation seasonally in 
ac't'ordance with the condition of the* 
ground. Sleighs drawn by horses are 
widely used on the snow-covered roads and 
on the frozen rivers. Sledges drawn by 
dogs or reindeer are used by the native 
people of the far north in Europe, Asia, and 
North America. Icy glaze is responsible for 
ac*cidcnts and delays due to skidding. 

In areas with cold winters, all roads un- 
less well-paved are subjected to alternate 
freezing and thawing, especially in spring. 
This process wreaks havoc with dirt roads 
and other roads not substantially paved, and 
necessitates the expenditure of large sums 
for upkeep every year. 

In desert areas, wind-blown sand some 
times obstructs traffic on roads much as snow* 
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does in winter. Gullying and washouts 
may damage highways in any climat(\ and 
landslides often close highways temporarily 
in mountainous country, particularly after 
a heavy rain or thaw saturates and loosens 
large masses of earth and rock. 

Railroads' represent the most dependable 
form of inland transportation at all seasons 
and under all weather conditions. Their 


no attempt is made in many mountain 
passes to k('ep th(^ route open in winter. 
Landslides in mountainous areas sometimes 
block traffic. 

Pipe linens for petroleum and its products 
are independent of the weather, except that 
some warming of crude oil may be desirable 
in winter to reduce the viscosity and main- 
tain the rate of flow. 



Courtrsy Chicaf^o, Burfinfftmt 6 Quntcy Rathoad. 

Clearing the tracks in the Kansas-Ncbruska area f(»llo\viiig one of ihv great blizzards of January, 1949. 
Snow drifted to depths greater than the licight of the engines. 


safety record is suggested in the tabulation 
of fatalities given on page 526. Skidding 
on icy roads, getting lo.st or missing a termi- 
nal in a heavy fog, and falling dangerously 
in an air downdraft, need not worry a train. 
The most troublesome weather element is 
snow, and snow usually can be removed 
from tracks by powerful snow plows, 
(see Ulus, above). In the Sierra Nevada, 
where snowfall sometimes amounts to 40 
feet in a season outside of drifts, special 
protection for trains is given in some moun- 
tain passes in the form of miles of snow- 
sheds built over the tracks. For highways, 


Speed and cost. The form of transporta- 
tion that will be used for a given trip 
usually depends upon the speed or cost of 
the available types. Passenger and mail 
traffic is usually more concerned with speed 
than is freight, while most freight seeks the 
carrier with the lowest cost. Roughly, we 
can say that waterways are the cheapest and 
slowest form of modern transport, while 
airways are the fastest and most expensive. 
Highways and railways are intermediate on 
both scores. 

A ship expends no energy in supporting 
itself and requires only moderace power for 
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propulsion of a container of great bulk. 
For bulk goods, where there are adequate 
waterways, ships and barges carry large 
amounts of freight. For transocean freight, 
ships have virtually no competition from 
other forms of transport, and tramp 
steamers traveling at a rate of 10 to 12 miles 
per hour handle the bulk of such freight. 
Transocean passenger traffic too had no 
competition until the recent development 
of air transport. Fast passtaiger ships, trav- 
eling about 25 to 30 miles per hour, .still 


more winding than railroad tracks between 
two points, and it the points are far apart 
the train may have an advantage in speed. 
With its slowness in starting and stopping, 
and its relatively restricted network of 
tracks, the railroads find their greatest ad- 
vantage in hauling bulky freight over long 
distances. Trucks have cut into rail traffic 
sharply for short hauls, as busses and pri- 
vate automobiles have taken over a big pro- 
portion of .short-haul passenger traffic. The 
greatest competitive advantage of the truck 



Courirsif FtibJu Borich Adminwstratwn. 

Davison Exprc.s.swuy tliroujii;!! Detroit, Michigan. Which is more frustrating, to drive on ordinary streets 
througli a crowded city when you are in a hurry, or to cross a busy higliway on foot? 


carry large numbers of passengers. Canals, 
formerly serv^ed by animal-drawn barges at 
2 to 4 miles per hour, are now being used 
more and more by motor vessels. 

Pipe lines are similar to waterways in 
cheapness and can transport their special 
type of freight at about half the cost of 
tank cars. 

Railways normally transport passengers 
at speeds of about 40 to 60 miles per hour 
and ordinary freight about 15 miles per 
hour. Automobiles travel at speeds much 
like those of trains, but roads commonly are 


lies in its ability to pick up loads at the door 
of the sender and deliver them direct to the 
door of the buyer. The construction of 
highway express routes through or around 
cities is one way of speeding up automobile 
traffic (see Ulus, above). 

Airplanes on regular commercial airlines 
travel about 150 to 300 miles per hour, and 
for long trips are incomparably faster than 
any other form of transport. For flights of 
only 100 to 200 mile.s, the time consumed in 
going by automobile to and from the air- 
ports (usually on the outskirts of the cities) 
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is almost equal to that of the flight. The is in most parts of the world not so much 

fare per mile is a little higher for planes dependent upon the speed of the vessel as 

than for trains, but the difterence has not upon the speed with which railroads can 

been suflScient to prevent planes from cut- deliver the freight to the vessel and can 

ting into the long-distance passenger traffic remove the freight at the other end after it 

and stimulating the railroads to ofter more has been unloaded at the port (see Ulus. p. 

attractive aeeominodatioiis to attract pas- 529). In the present run-down condition 

sengers. It is not economically feasible to of transport facilities in many parts of the 

carry ordinary freight by air. It was esti- world, resulting from wartime neglect as 

mated that the cost of cariydng freight by well as from actual war damage, freight 



Ocean trade routes and inland waterways. Width of lines is roiij^hly pr()p)rtional to volume of ocean 
tiuHic. Dash hues indicate inktiid waterways closed by ice seasonally. 


airlift from Frankfort to Berlin in 1948 was 
$100 pc'r ton. 

Thus, each form of transportation has its 
special qualities that enable it not only to 
compete with but also to complement the 
other forms. In a well-balanced transpor- 
tation system, each type would be available 
in the areas and for the purposes to which 
it is best adapted and with adequate con- 
nections with other forms of transport. 
The speed with which ocean shipments 
travel from source to ultimate destination 


sometimes lies on the open wharf for 
months before it can be hauled away to the 
interior. In transportation, as in produc- 
tion of raw materials and manufactures, 
there is a great need for capital improve- 
ment throughout the world involving a long, 
patient period of construction. 

Transportation Routes and 
Patterns of the World 

The present-day distribution of transpor- 
tation systems is the result of the iiiterac- 
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tion of many factors including those out- 
lined above. More weighty than any othci 
1 actor, however, is the factor of need. 
Where* people have concentrated in greatest 
numbers to develop their re.sourc(\s ol agri- 
culture, minerals, forests, and good location, 
there are the sources and destinations of the 
great tnink lines of transportation. If the 
people have developed along the lines of 
regional specialization, as in “western*' civi- 
lization, the transport lines are strong. If 
the people are living in a self-sufficient cul- 


eonnecting the northeastern United States 
witli northwestern Europe. Most of our 
European Recovery shipments are merely 
following this tmnk line that has existed for 
generations, in war and peace. 

Why is there so much commerce along 
this line? The answer is given in part on 
the world population map, page 16, which 
shows the termini of the route as lying in 
two of th(* most densely settled areas of the 
world. These* art'as have de\eloped an 
ec*onomy of tlu* interdependent type, spe- 



ture, as in China, the transportation lines 
are weak, no matter how dense the popula- 
tion. Unconsumed surpluses are the ba.sis 
of trade. 

The world’s transportation routes and pat- 
terns fall into two broad geographic groups: 
ocean transportation and inland transporta- 
tion. 

Ocean trunk routes. A glance at page 
530, the map of ocean trading routes, leaves 
no doubt as to when* the ma]\)r route is 
located. It is the North Atlantic route 


cializing in manufactures that th^ can ex- 
change with the rest of the world for food 
and raw materials. Back of the New York 
end of the line, furthermore, lies not only a 
manufac*turing area but also rich farming 
areas of surplus food. Wheat, com, auto- 
mobiles, and countless other products pour 
out from the heart of America by rail, lake, 
and canal through our northeastern ports 
more than from any other exit of the coun- 
try (see Ulus. p. 530). One-ninth of the 
exports of the entire United States flow 
through the port of New York alone. 
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Across the Atlantic to Liverpool, London, 
CJherhoiirg, Antweq), Rotterdam, Hamburg, 
and a host of lesser ports, these products 
flow for distribution by rail, river, and canal 
to the European consumers. In retuni 
comes a flow of goods that makes New York 
the doorway for nearly one-quarter of the 
imports of the United States. 

A second trunk line' runs southward from 
northwestern Europe to Brazil, Unigiiay, 


historic trading routes, starts in northwest- 
ern Europe, runs south along the Spanish 
coast, then heads east through the Strait of 
Gibraltar. Through the entire Mediterra- 
nean and out the far end through the Suez 
Canal, this artery continues strongly to 
India. At India it branches, one line form- 
ing Australia's main link to the British 
Empire, and the other running east to 
Singapore, the great trading nucleus at the 



and Argentina, siphoning wheat, meat, wool, 
mutton, and coffee from the southeast coast 
of South America into the hungry mouths 
and mills of industrial Europe, and sending 
manufactures in exchange. 

A third tnmk line swings down the west 
coast of Africa to Capetown from Europe, 
drawing from South Africa and from con- 
necting branches along the African coast 
more food and raw materials. 

A fourth, the most ancient of the great 


southeastern tip of Asia, and on to China 
and Japan. This is the rubber, tin, tea, 
teak, spice, and silk line to Europe. 

From Japan, the trans-Pacific routes run 
eastward, one branch direct to Washington 
and California and one to Hawaii. Hawaii 
it.self is the commercial center of the Pacific, 
with important routes radiating to the 
United States, Panama, Australia, and New 
Zealand, as well as to the Orient. 

A sixth important route connects the At- 
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laiitic ports of norlhi'ash’rn Uiiitod Statt-s by (1) vilal straits and canals, tlic hottlc- 

with Latin America (see' 111ns. p. .530). necks ol the world trade routes; (2) the 

One branch heads direct lor the Panama neare.st good |X)rts to tlu* sought areas; and 

Canal, beyond which it taps the west coast (3) the great circle, or .shortest-distance 

of South America and handles interc-oastal paths across the larger expanses of water. 



International air traflic on American airlines, Western liemispliere. 


trade with California. Another branch Ocean airlines. Air routes follow the 
goes through the Florida Straits to New same general magnets as do steamships: the 

Orleans, Galveston, and Mexico. Still an- areas where products for world trade are 

other branch heads for Puerto Rico and the to be found. Passe jigtTs rather than ireight 

Venezuela oil fields, while a fourth joins the are the principal cargoes. The airline maps 

Brazil-Argentine line. in this chapter based upon the volume of 

The trunk lines and smaller lines are traffic of United States airlines with foreign 

guided in general by their targets of freight- c*ountries, .show the main outlines of the 

producing lands. In detail, they are guided world airways system. Tlie number one 
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route is again the North Atlantic route, directly across land or sea, limited only hy 
following the great circle from northeastern th(' willingness of the underlying countries 
United States to north we\stern Europe, with to grant passage. Jn the set*ond place, air- 
Newfoundland and Ireland as take-off planes can ignore the straits and canals 



Principal forms ol transport. 


1. Mechanized, integrated, dense netwoik 

A. Railroads and all-weather motor roads 

B. Railroads, all-weather motoi roads, and 
inland waterways 

2. Meehani/ed, integrated, sparse lu'tw^oik 

3. Raihoads, few^ all-weather motor roads 

4. Oriental 

A. Canal boats, foot, few lailroads 

B. River boats, water buffalo, elephant 

5. Primitive 
Vehicles 


A. Natural watcTways (powei boats on 
main streams, canoes eTs(‘VNh(‘r(‘) and 
foot (human) / 

B Dog sl(*d, ri'indeer sl(‘d, waterways 
(powei \(‘ssels on some main streams 
seasonally, canoes on others) 

C. Horse, mule, or ox wagon, 1(‘\\ railroad' 
Packing 

D. (>amel, horse, mule, or donkey 

E. Yak 

F. Llama, mule 

G. Foot (human) 


points instead of New Y"ork and Liverpool 
or London. (See map, p. 531.) 

The other air routes corresponding to the 
oceanic lines also are recognizable. Tlie 
actual paths of the air routes show certain 
characteristic difiFerences from those of the 
ship routes. In the first place, the routes 
are not confined to sea lanes: they can cut 


through which the ships must wind. In- 
stead, the planes seek out the airports near- 
est to the desired great-circle routes. Flat 
land becomes more important than good 
harbors. Small islands, like the Azores and 
the series of Pacific islets, become of stra- 
tegic importance— -as. “stepping stones” 
replat*e curridors in significance. In India, 
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the* chief concentration point ot the east- 
west trunk line is Karachi, the c-apital of 
Pakistan, in the north: one of the great 
world wasp-waists of aviation. The cot- 
rt'spondiiig bottleneck of the ocean routes is 
Colombo, the southerninost port of Oylon, 
near which the ships from Suez must pass 
enroute to northeastern India, the* Far East, 
or Aiustralia. New York and Hawaii are 
as important for planes as for ships. Miami 
Mexico City, Kingston, and San Juan he- 
coiiit the air centers of the Caribbean area. 

Inland transportation routes and pat- 
terns. To some extent the inlatid systems 
of transportation are extensions of the ocean 
routes, but there is actually a greater 
amount of internal commerce carried on 
within the continents tlian external com- 
merce between continents. The empha.sis 
upon different types of transport diflers 
wid('h^ from ar(*a to area in the world; 
relatively few areas ha\ e a reasonably com- 
])lete and well -integrated system of modem 
transportation. Th(* map on page 534 
.shows the approxiniat(* world distribution 
of transportation patterns. 

Noimi America, The United States has 
a di^'^'rsilled integrat<*d transportation sys- 
tem with far greater mileage of railways, 
highways, airlines, and pipe lines than any 
other country in the world. The outstand- 
ing transportation route of the country is 
the one running from the ends of Lake 
Michigan and Lake Superior to the North 
Atlantic seacoast. It is not commonly real- 
ized that Duluth-Superior ships out a 
greater tonnage of freight than any othe»r 
port in the United States aiid is exceeded in 
total trade only by New York City. The 
Great Lakes is inc‘omparably the most im- 
portant inland waterway of the country, 
shipping especially iron ore and grain east- 
ward and coal westward. The waterway 
is extended to the sea by way of the New 
York Barge Canal and the St. Lawrence 
River. Roughly parallel with this line is the 
main trunk rail line of the country, from 
Chicago to the east coa.st, with branches to 
ports from Baltimore to Boston. The At- 
lantic ports of the northeastern network 


have about one-half of the nation’s export 
capacity (see Ulus. p. 529), and actually 
handled more than half of our exports dur- 
ing World War II. 

A second major artery is the Fall Line 
route, a line of intensive rail transportation 
from Boston .southward through New York, 
Philadelphia, Baltimore, Wasihington, D. C., 
and on to Atlanta. These two routes hav(* 
the greatest \'olume of air traffic as well as 
ground traffic. The n()rth-.south air traffic 
continues den.se all the way to Miami, 
Florida. 

Oth(*r important routes, all ot which are 
bas(‘d primarily upon railways, are the 
Chi(*ago to Gulf route, the Chicago to At- 
lanta route, the (Chicago to Texas route, the 
southern, central, and northern transconti- 
nental routes, and the Pacific route running 
through CJalifornia, Oregon, and Washing- 
ton. All the great railway routes are clo.sely 
parallel(*d by through highways and airlines, 
for all of th(‘m serNx* tlu* .same traffic-gener- 
ating areas. 

Pipe lines have their own pattern of dis- 
tribution, running primarily from the Texas, 
Oklahoma, and Louisiana oil fields to the 
northeastern Industrial region, carrying 
crude p(*troleum to refineries, natural gas 
to cities and iiidustri(*.s, and to some extent 
refined products to market (see Ulus. pp. 
382 and 392). 

B(*tween the dense, integrated transporta- 
tion .system ot the eastern United States and 
that of the Pacific (Joast, is the arid and 
.semiarid region of sparse transport network. 
This merges northward into the north woods 
and tundra of Canada, with pioneer trans- 
portation, and southward into Mexico, 
where animal transportation still prevails 
over large areas, with a dense, integrated 
network only locally near Mexico City. 

EinioPE. Northwestern Europe is dis- 
tinguished by its dense, integrated networje 
in which all modem forms of transportation 
except pipe lines play an important part. 
Unlike the United States, this area has a 
closely developed system of inland water- 
ways, using the numerous gentle rivers and 
connecting canals. The map on page 530 
shows the distribution of the worla s princi- 
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pal inland waterways and gives an idea of 
the relative density of the network of north- 
western and cc'iitral Europe. The main 
European transportation route follows the 
great line of coal fields and industrial cities 
running from England through northeni 
France*, Belgium, Germany, Poland, and on 
into the Ukraine of the Soviet Union. 

Thk Oriknt. Southeastern Asia has an 
old, primitive system of transportation, char- 
acterized by widespn'ad use of human 
power to carry and haul freight and by an 
abundance of canals .and coastal waterways 
to handle local traffic. Only limited areas 
— ^Japan, Java, Manchuria, and to a less ex- 
t(*nt India— ha\e deAcloped fairly dense 
networks of railroads and roads. 

The Soviet Union. The Soviet Union 
has for many years depended primarily 
upon its railroads to handle its transporta- 
tion, though its great ri\'ers arc of consider- 
able importance. The main rail and water 
lines are now (juite well established, but 
the proc*c*ss of extending them and adding 
new rail and canal links is continuing. In 
the first two years after World War 11, the 
Soviet Union built about 600 miles of new 
railroads. The system of paved highways 
is far from adequate, partly owing to sparse- 
ness of settlement and scarcity of hard rock; 
often the common dirt roads are converted 
into mora.sses in spring and fall. Winter is 
the best time lor tra\’el o\'er much of the 
surface, through the use of sleighs. 

The dry lands from Sahara to Mon- 
golia. The* dry areas shown on the Cli- 
matic Map of the World, from North Af- 
rica through Arabia into the heart of Asia, 
have only local and scattered development 
of modem forms of transportation, as along 
the Nile \^allcy, the Barbary Coast, and 
Palestine. Chief reliance for most of the 
area still is upon animal power: camels, 
horses, and donkeys in the low hot deserts, 
yaks in the mountainous areas of Central 
Asia. ( See map, p. 534. ) 

Latin America, Ausihalia, ihe Pacific 
ISLANDS, and the REST OF Africa. These 
areas still rely largely upon simple forms 
of transportation for most of their traffic. 
Modern forms of transportation have de- 


velopc'd dense networks chiefly in areas of 
local advantage near the coasts, as in the 
Pampas of Argentina, the Brazilian coast, 
c‘c*ntral Chile, the Union of South Africa, 
the southern ends of Australia, New Zea- 
land, and the lowland near Manila. Desert, 
tropical, or mountain lands of limited de- 
velopment prevail over much of the inte- 
rior, and transportation is largely by foot, 
animal, or river boat (see Ulus. p. 534). 
For many of these* areas airways have proved 
extremely important in maintaining fast 
trade contacts with the rest of the world. 
Where the cost of constructing railroads or 
modern highways would be prohibitive, as 
ill parts of the* Andes, preparation tor travel 
by airplanes can be made with only the ex- 
pense of making a tew airfields. 

Polar REtaoNs The Arctic peoples, too, 
use primitive canoe or animal transporta- 
tion. I ,eather or rawhide canoes are wide- 
spread in northern Siberia and North Amer- 
ica, r(*aching a peak of perfection in the 
Eskimo kayak. Keindc'cr are used through- 
out the far north of Europe and Asia as 
draft, pack, and saddle animals, and dog 
sledges are the standard land vehicles in 
northern North America and parts of Si- 
beria. “Moss" for reindeer' and meat for 
dogs constitute* commonly available sources 
of energy. Most parts of the Arctic are 
too sparsely s(‘ttk*cl and have too mt'agc'r an 
economic base to support mechanized 
ground transportation in the adverse north- 
ern environment. Airplanes, however, 
needing only a smooth lake or level field 
for landing, have come to play an important 
part in the life of Arctic lands. 

Telecommunications, From the view- 
point of economic geography, telegraph, 
telephone, cable, and radio systems are 
significant chiefly as means of facilitating 
commerce. They do not themselves move 
freight or passengers, nor do they form a 
conspicuous portion of the physical land- 
scape. It is of considerable significance 
that radio communication, like airplane 
transportation, can be installed in a given 
area with relatively little expense, providing 
instantaneous contact with the outside 
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world. In the past, the establishment of 
telecommunic*ations required the slow and 
expensive process of stringiiif; wires be- 
tween communicating areas. 

The earlier forms of telecommunication, 
and the still slower system of mail, have of 
course maintained and increased their 
\^aluc for most two-way communication. 
Air mail traffic, in particular, has increased 
phenomenally. All forms of communica- 
tion and transportation play their part in 
dcN’cloping the economic geography of th(‘ 
world as an interdependent system of pio- 
ductive regions of diversified specialization. 
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Why ix> such a)NSPicuous areas of 
density and of sparseness exist as are shown 
on maps of world population? In the first 
two chapters of this book we not only raised 
questions as to the causes of this uneven 
distribution, but also as to the consequena's, 
particularly those of economic significance. 
Through the chapters that followed we at- 
tempted to hold rather closely to the four 
queries suggested al the outset — ( 1 ) where, 
(2) what, (3) why, and (4) what of it? 
While we cannot now attempt to summarize 
all that has been presented in the foregoing 
chapters, it may be well for us to recall some 
of the most salient phases of the causes and 
consequences attending the distribution of 
the more than two billion people who pos- 
sess this earth. Broadly speaking, the dis- 
tribution of population is directly relat(*d to 
environmental factors, although, in the de- 
tails of distribution, nongeographic factors 
often play important roles as well. 

Uneven distribution of natural re- 
sources. Fundamentally, population must 
adjust itself to the means available for mak- 
ing a living. In the preindustrial ages agri- 
cultural land was the principal natural re- 
source which govenied density of popula- 
tion. Even now, the most densely populated 
large areas are found where man depends 
almost entirely upon local agricultural pro- 
duction. This is notably the case in India 
and China, where 75 to 80 per cent of the 
people live on farms. Fertile cultivable 


lands with a favorable climate must still 
be ranked as the world's great population 
breeders. Now, as in ages past, such lands 
not only produce the materials necessary for 
human existence, but also give rise to sur- 
plus population. The lands capable of 
such productivity are liinitc'd and unevenly 
distributed o\’cr the earth. Other lands 
have lower potentialities and henet* cannot 
support large numbers. Cultivable lands 
are the rich grain lands, and there pc'ople 
inav become numerous; noncultivable lands 
at best arc but pasture lands and are thus 
foreordained to sparseness. ^ 

With the de\ elopnient of mechanized in- 
dustry, however, the basic resources used by 
man ha\e been ext(’nded beyond those of 
the agricultural lands to the realms of min- 
erals and power. Moreover, industrial de- 
velopment has made it possible for men 
equipped with machines to produce large 
surplu.ses of agricultural goods and thus 
to release workers for mines and factories. 
In the United States, for example, according 
to the ctmsus of 1945, only 19 per cent of 
the total population were classified as rural, 
and it is highly probable that 10 to 15 per 
cent could supply the entire needs of the 
nation for agricultural products. The high 
development of industry in western Europe 
would not have been possible without the 
surplus produced by machine agriculture 
in the United States, Canada, Argentina, 
and Australia. 

Industrialization, particularly in eastern 
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North America and northwi'stern Europe, 
has given rise to areas ot congested jiopiila- 
tion where the prodiK*tion of factory goods 
constitutes the principal economic activity. 
This activity utilizes mineral and power re- 
sources rather than agricultural lands, al- 
though the demand for food induced by the 
dense industrial population leads to inten- 
sive production of agricultural commodities 
as well, particularly of such vegetables and 
dairy products as cannot readily be shi])ped 
long distances. Thus, natural wealth of 
minerals, power fuels, and water power 
serve to induce areas of heavy industrial 
population. These natural resources, like 
the productive agricultural lands, are also 
distributed very uneveiilv over the earth. 

U neven distribution and diversity of pro- 
duction, Productivity is dependent, how- 
ever, upon the human resources as well as 
upon those of the plant and mineral worlds. 
Man is a factor as nec(*ssary as soil or coal 
and iron ore. Primitive man depc'iids di- 
rectly njmn the resources of his immediate 
environment. He is enabled to live in a 
given locality if wild life — plant and animal 
— is found in sufficient quantity for his sub- 
sistence. The skills needed are those of 
selecting nourishing plant products, avoid- 
ing the poisonous ones, and of capturing 
game and fish. The problems of living are 
.simple and the diet is monotonous. This is 
an extreme example of local self-sufficiency. 
In that state of society man has not acquired 
the mechanical skill necessary to harness 
sources of energy outside of himself, and 
he has not learned how to co-operate in the 
exchange of surpluses with others who live 
at remote distances. 

As man advances in the scale of civiliza- 
tion, he increases the efficiency of his 
methods of production of goods to satisfy 
his material needs. No longer is all his 
time devoted to the hunt and chase or to 
crude tilling of the soil for the sake of 
meeting his elemental needs of food, cloth- 
ing, and shelter. He learns how to harness 
other sources of energy and to use other 
forms of power than his own. Such de- 
velopment has been in progress during all 


the ages pa.st. Animals were trained to 
cany burdtMis and to pull loads; winds and 
streams were early utilized by means of 
crude windmills and waterwheels; and later 
the energy of coal, petroleum, and natural 
gas was made available as power through 
the mediums ot gas and steam engines and 
electric motors. These can now be utilized 
effici('ntly to do work on a grander scale and 
at a much lower cost than would be possible 
if only the labor of men and animals were 
available. In the industrially progressive 
nation.s, man is engaged mostly in directing 
the energy whereby the work ol production 
is accomplished, and his own muscular 
pow(T plays but a minor role. Becau.sc* of 
the enormous amount of energy he now has 
at his command, his capacity to produce 
goods and to transjxirt them has surpassed 
tin* most optimistic dreams of a century 
ago. 

HowevcT, even modern man and his 
machines are limited in tlu'ir activities by 
the en\'ironinent in which they o]x*rate. 
That they can “conquer nature” to a degree 
beyond that possible in the pr(‘machine eras 
is true, but the economic limits are quite 
closely drawn. Man ran produce bananas 
in the middle latitudes, l)ul only at enor- 
mous cost compared with tht'ir production 
in the tropics. Excellent tabic* grapc*s arc* 
produced in England, but the* cost is many 
times as great as in the Mediterranean 
lands, where they are grown under favor- 
able climatic conditions. Man could build 
as good railway locomotives in Florida as in 
Pennsylvania, but the cost would be much 
higher because of the necessity of trans- 
porting the raw materials from distant 
sources. Therefore, it is clear that, even 
with the great technological advance which 
marks the modern industrial world, eco- 
nomic production depends upon the fun- 
damental factors of soil, climate, power 
resources, raw materials, and available mar- 
kets. These factors have different relative 
weights in the various sections of the world, 
but none can be ignored if efficient produc- 
tion is to be attained. 

Under modem conditions the production 
of many agricultural and industrial com- 
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modities tends to be highly specialized. 
Certain areas may have optimum natural 
conditions for the output of only a few 
products, while oth(T commodities can be 
produced more efficiently elsewhere. It 
men desire to have the benefit of many com- 
modities, they must arrange* to exchange 
their local .surplus(\s for goods produced 
elsewhere. The local self-sufficiency of pre- 
industrial days is not now pcjssible within 
sound economic limits; high standards of 
living are inseparably linked with exchange 
of products. The physical facilities for 
such exchange have been de\'cl<)ped in 
remarkable degree. SU'aniships span the 
seven seas and connc'ct the continents 
speedily and efficiently; railioads and im- 
proved highways iacilitate swilt o\'(Tland 
transport; canals and rivers carrx bulky and 
slow-moving cargoes at low cost; air navi- 
gation can now reach all parts of the earth 
at amazing speed and with little hazard. 
Communication by mail, wire, cable, and 
radio binds the world together so closely 
that the most distant points can hold con- 
verse upon a few minutes notice. As far 
as production, exchange of goods, and com- 
munications are concerned, the stage is set 
for progress at a rate which staggers the 
imagination. In the face of all this we ex- 
perience troubled economic times even 
where high production is attained. Why? 
Tile oft-repeated answ(*rs of overproduction, 
too much mechanization, economic malad- 
justment, and so on, are unconvincing. 
Tlie solution of the pniblems of continued 
progress and improved standards of living 
for the masses demands the attention of 
thinking people everywhere. 

Since people who live within the realms 
of advanced industrialism are the bene- 
ficiaries of controlled power, efficient pro- 
duction, and means of transportation and 
communication, they should face new prob- 
lems by looking forward not backward. 
They should not be tempted to return to 
manual methods in lieu of machines with 
which to do needed tasks, even though 
.some of the economic problems of modern 
society have not been solved. Production, 
both in kind and quantity, necessarily varies 


with geographic conditions. High stand- 
ards of living, however, depend not only 
upon production, but also upon a ready ex- 
change of products, that is, upon trade. 

Trade as an index of civilization. We 
belie\’e it fair to assert that the term dviU- 
zation implies recognition of the rights of 
other people or persons as well as insistence 
upon one's own rights; that it implies a state 
of mind as well as a state of material and 
cultural achievement. Neither an indi- 
x'idiial nor a nation deserves to be called 
civiliz(‘d if it willfully ignores or overrides 
the rights of others and is unwilling to trust 
cmitroversial issues to the verdict of neutral, 
fair-minded judges. Such breaches of con- 
duct are nc’aily always causes of war or 
are associated with it, and readiness to re- 
sort to war surely cannot be considered an 
index of civilization. Disrc'gard for the 
rights of others is not, howe\er, limited to 
war cmiditions; too often it occurs in times 
of peace as well, and most blatantly so in 
the realms of trade. 

Since it cannot b(' dc'iiied that trade tends 
to promote high standards of living, is it 
not fair to hold that honest promotion of 
trade is a sacred diity anck should be re- 
garded as such? Is not the trade obstruc- 
tioni.st an enemy of progress? Because of 
the distribution of natural resources, the 
various regions of the earth can each pio- 
duce some commodities advantageously, 
others with difficulty, and still others not at 
all. Pennsylvania and West Virginia, for 
example, can produce cereals and meats, 
but not so efBciently as can Iowa and Kan- 
sas, whereas they can produce heavy manu- 
factures of iron and steel more efficiently. 
Will anyone deny that a ready flow of trade 
between the former and the latter named 
states is sound business practice? Simi- 
larly, the exchange of the fruits of Florida 
and California for the manufactured goods 
of New England and the cereals of the Mis- 
sissippi Valley meets general approval. 
One wonders, however, what might have 
been the result if the territory which is now 
the United States had been occupied by a 
number of small countries, as is the case 
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in Europe. That the builders of the Con- 
stitution recognized the significance' of this 
problem is clearly shown by the'ir action in 
preserving for the national government 
alone the right to levy import duties. In 
this manner economic restrictions upon the 
ready flow of interstate trade were elfec- 
tively prevented. 

The United States, because of its vast size 
and widely varied resources, is about as 
nearly self-suIBcient as any nation on earth. 
Ne\Trtheless, the highest welfare of our 
citizens demands the encouragement of for- 
eign trade. Some commodities, such as 
coffee, tin, and nickel, must be purchased 
abroad because we cannot produce them 
from our own resources, while othcTS, as 
tea and sugar, can be produc('d elsc'where 
at so much lower cost that to attempt to 
supply our entire ne'cds would be highly 
uneconomic in practice. During much of 
the nineteenth century this country was 
dominantly agrarian, producing large sur- 
pluses of grain, meat, and cotton to lie sold 
abroad to pay for needed imports and in- 
terest on moneys borrowc'd by citizens for 
the equipment of expanding industries and 
railroads. Now, however, capacity for in- 
dustrial expansion has b('cn increased so 
that surpluses are available for foreign mar- 
kets; but they can be purchased only if pay- 
ments C'an be met by the equivalent goods 
or ser\ices sold for use in this cmintry. 
Thus, for our domestic prosperity, a ready 
flow of imports as well as of exports is a 
necessity. 

Economic nationalism in relation to 
economic progress, A-fter World War I 
economic nationalism developed with in- 
creasing vigor. The war was responsible 
for disrupting the ec'onomic machinery 
which had begun to function quite smoothly 
during the preceding period of peace. The 
nations at peace as well as those at war 
were obliged to forego the use of many im- 
ported materials which they had come to 
rely upon; hence, a psychology of fear was 
established which led to a wid(*spread am- 
bition for each country to produce all com- 
modities possible without regard to eco- 


nomic feasibility. Within the United States 
the industrial expansion induced by the war 
demands had caused a factory development 
temporarily in excess of domestic needs. 
Through increased tariffs, industrialists 
hopc'd to protect the home markets against 
foreign c*ompetition, and yet not to re- 
linquish their favorable position in the 
world markets. European countries, ordi- 
narily our greatest foreign customers, not 
onlv found th('ms('h es impoverished by the 
(U'struction wrought in 1914-1918, but also 
found their markets in the United States 
curtailed by tarifl walls of rapidly mount- 
ing ht'ight. Furthermore, their prewar 
trade witli other nations had bec'ii seriously 
impaired and in many instances totally 
destroyed. 

Postwar business was confronted by a 
hostile, suspicious world. P’oreign trade 
was hampered not only by national sus- 
picions, but also by lack of financial re- 
.sour(‘(‘S and lack of credit. Under the cir- 
cumstances, nations Ix'gan to rebuild on a 
basis of self-sufficiency. Italy, for example, 
entered upon a campaign to produce her 
owai wlu'at rather than to buy it, even 
though she t'ould obtain it more cheaply 
from Argentina and the Unite'd States. 
Germany took up the' cry of self-sufficiency 
in breadstuffs and fats, although it is not 
a country well adapted for wheat raising, 
and normally .should import great quantities 
of lard and other animal products. Similar 
movemc'iits were widespread among other 
nations of the world. 

For a time the effects of these policies 
were not keenly felt because a decade was 
necessary in which to refill the gaps left by 
the wholesale destruction wrought during 
World War I. The United States particu- 
larly experienc'ed a postwar prosperity for 
which a heavy price was paid, although it 
was not so understood at the time. The 
nation had a tremendous surplus-produc- 
tive capacity in agriculture and industry, 
and it had accumulated huge wealth for 
which channels of investment were sought. 
Foreign markets were beckoning. The sur- 
plus production was sold aI)road and paid 
for by loans of American money. Exports 
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incr(*as(‘d to huge proportions under such 
stimulus, and while imports also increased, 
Americans boasted of their large “favorable 
trade balances” n'ported yearly. The 
United States, which had become the 
world's greatest creditor nation through 
loans granted during and following the war, 
held with almost childish simplicity to the 
beli(*f that foreign countries could pay their 
debts by continued borrowing of money 
and by buying more irom us than they were 
selling to us. 

That belief was, of course, one impossible 
of realization. After a time it dawned 
upon business that the* profits of which it 
had boast(‘d were b(*ing paid for by capital 
rather than by income from earnings. For- 
eign purchasers found it necessary to bor- 
row still more money for the payment 
of interest on moneys already owed, and 
hence the balances available for new pur- 
chases became* smaller. The speculative 
structure, domestic and fore*ign, which had 
been built upe)n the false basis above out- 
lined, tottered, and, after a few warning 
tremors, crumblenl in the great crash of 
1929. It was a cruel but inevitable ending 
of an economic pipe dream. 

During the 193()\s the struggle for national 
ec*onomic self-sufficiency among the coun- 
tries of the world c'ontinued with fury un- 
abating. As trade declined, each nation 
tried to remedy the difficulty by making 
trade even more difficult. When duties 
alone seemed insufficient to reduce import 
trade, quotas were established, and in some 
cases absolute* embargoes. With almost 
universal agreement that economic difficul- 
ties arise when distribution is impaired, the 
remedy advocated by many national leaders 
was further impairmenH Following the 
1930 s, now often referred to as the decade 
of depression, came World War II with 
destruction of lives and wealth on a scale 
tremendously greater than was true of the 
war of 1914-1918. The same general eco- 
nomic pattern was set in motion, with war 
c*ontrols, wholesale destruction of goods, 
ensuing scarcity, rising prices, and unprec- 
edented boom conditions following the 
cessation of the shooting war. Three years 


following the end of open hostilities found 
scarcities still dominant in many lines of 
durable goods and prices in such instances 
rising and inflation still in progress. The 
question “what next?” is as yet unanswered, 
but if the pattern of economic behavior con- 
tinues to be followed the results may 
'•eadily be forecast. If or when recession 
comes, whether it be slight or severe, tlie 
fundamental principles that call for in- 
creased effici(*ncy of production and of ex- 
change of c'ommodities should be kept ac- 
tively in the forefront. When economic 
adversities threaten, impro\ement rather 
than impairment of production and trade 
must l)(* the watchword if constructive out- 
come* is to be expected. 

Business — a form of public trust. In 
our inod(*rn industrial civilization, the type 
of courageous integrity represented by the 
pioiK'ir woodsman or plainsman of the ad- 
\ancing frontier must be replaced by simi- 
lar courage and int(‘grity in a setting much 
more difficult. (Jo-operation is necessary 
for the achiev(*ment of success in a com- 
plexly organized society. The pioneers 
along the new social and c‘Conomic frontier 
must not only be m(*n of ikidaunted c'our- 
age, they must lia\e the scientific spirit; 
they must ever search for truth and take 
their stand in line with facts in so far as it 
is possible to ascertain the facts. While 
recognizing the truth of the adage “Produc- 
tion is the basis of wealth,” they must recog- 
nize that general and contimi(*d prosperity 
depends upon fair and wid(*spread distribu- 
tion of the benefits of production. Malad- 
justment of the machinery of distribution is 
as certain to produce want and suffering 
among innocent victims as is maladjustment 
of the machinery of production. 

Whatever criticism may be made of the 
industrial progress attained, it cannot be 
denied that our ability to produce has been 
.so enhanced that the fear of famine has 
been dispelled. Among modem nations 
the economy of scarcity has no place. No 
longer need there be fear of a world grow- 
ing old, nor need there be fear of imminent 
overpopulation. 
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A change of major importance has come 
in the shift from rural to urban population. 
The fanner population, formerly three- 
fourths of the total, always retained its 
land, which carried with it a ieeling of 
social security. Now we have a great in- 
dustrial population, largely without direct 
pro]5erty interests, and one whose whole 
future is tied up in terms of jobs. Under 
such amditions, social and economic secu- 
rity, x'ital to the people as individuals and 
to the life of tlu* nation as well, must rest 
upon a finn foundation ol justice to both 
labor and capital. The worker deser\Ts 
full consideration as a human being, as a 
partner in the business game, and not 
merely as a cog in the machine. On the 
other hand, workers must rc^alizc* that the 
machines which enable them to produce 
goods in abundance and at relatively low 
cost are the results of the labor of other 
workers. Capital is thus necessary for 
maintenance of ('fficieney, and must have 
e(jual a)nsideration with labor in order to 
insure justice and wellbeing for all. The 
elficiency of production is such that in times 
of peace men need to work fewer hours 
than in the past and yet have all that they 
are pre])ar('d to enjoy. Such an industrial 
status is indeed a tribute to the efficiency 
of mechanical inventions in the utilization 
of available power resources. 

What of the future? Is it not true that 
we are living in a world of rapid change? 
The productive genius of man has been 
ably demonstrated, and the necessity of the 
scientific spirit is clearly evident. The 
social genius is still to be tested. Man 


must study the world in which he lives. 
He must familiarize lnin.sell with his own 
(environment and also with the environment 
in which oth(TS live. He must search for 
the facts as to the qualities, kinds, and dis- 
tribution of the natural resources upon 
which production depends. He must learn 
to u.se wisely, with tnu* ideals of exmserva- 
tion, the resources which are irreplaceable; 
these include the soil as well as fuel and 
other minerals. A scientific .study ol the 
best use of the land will help to avoid eco- 
nomic wast(’ and its associated hardships. 
But e\'en more is needed. Man miust have 
ctiurage to \'oice his convictions and to plan 
his actions in accord with facts. Intel- 
lectual honesty often n^quires the* highest 
type of courage. 

In the social and economic world which 
cmifronts us arc* problems which should fire 
adventurous minds with enthusiasm. There 
is n(‘ed for the brightest and most daring 
minds to work unc‘easingly at the* tasks of 
learning fuller truths about the* matorial 
world in which we live. That, howevc^r, 
cannot be the final goal. Beyond lie*s the 
problem e)f developing greater and dee*pcr 
human happiness as a rc*ward for the in- 
creased productive efficie’iicy. Men will 
have many hours daily wherein they need 
not toil at grinding tasks. Such hours will 
be theirs for the de\x*lopmcnt of their 
higher needs. Tho.sc* hours should be con- 
ducive to scholarship, to literary achieve- 
ment, and to the fine arts of painting, 
drama, and music. May those hours be- 
come, in a true sense, ennobled leisurel 
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Maps 

Among thk karliest writings known 
have been IoirkI pictorial charts dcsigiuTl to 
show locations ol places described or discussed. 
Crude and simple though they be, they are 
illustrations ol man’s attempts at maj) making. 
Later, as explorations became more carefully 
recorded and locations more ac'cmately estab- 
lished, highoi grade maps were made*. Inter- 
esting maps have lieen found among old 
Egyptian papyri and among Babylonian ruins. 
The Greeks and Romans lelt many maps which 
give us (jiiite reliable picturi's ol tht' parts of 
the world known in their tim(\s. 

The natives of Polynesia constructed maps ol 
extensive areas out of jialm lca\^(\s, showing 
islands in their respcc*tive locations by means 
of shells attached to the framework. The 
Eskimos of North America and the Yiikaghirs 
of northeastern Asia made maps on birch bark. 

The earth is most accurately represented by 
a globe. Such a miniature replica avoids dis- 
tortion of the major earth features. Inasmuch 
as globes are bulky and not practical for use in 
books or atlases, the need for some means of 
representing the earth, or parts of it, on a plane 
surface is an imperative one. Tliis need raises 
the important problem of how to represent the 
surface of a sphere or a portion of it on a flat 
surface without serious distortion ol size or 
form. A sphere, or even part of a spherical 
surface, cannot be made into a flat surface with- 
out some distortion. This will become ap- 
parent if one attempts to flatten out even a 
small part of a deflated rubber toy balloon. It 
has therefore become necessary to devise meth- 
ods whereby the earth s surface can be jxir- 
trayed with as near approximation to the truth 
as possible. 

All maps represent areas in more or less dis- 
torted form. The larger the part ol the earth 
portrayed by the maps, the greater, of course, 
are the distortions. If only a very small part of 


the surface is portrayed — for example, an urban 
settlement or a towiishij) — tlu^ actual distortions 
arc so small as to be negligible. 

In making a map, geographers mUvSt contend 
with the mathematical difficulty ol ri^jiresenting 
the curved siirlacc ol the earth, or any portion 
of it, oil a plane surface. As a matter of fact, 
no map, however carefully it may be drawn, 
can at tlu' same time' represent accurately both 
form anil size of an area. Since maps are 
made to ser\e specific needs, methods have 
b(‘tui devised wherc'by faithful representation 
of the particular features desired is achieved, 
but this usually entails sacrifice of accuracy in 
otluT l('atures. Thus, different map projec- 
tions have been developed, each with specific 
advantages and di.sad vantages. • 

Meridians and Parallels * 

Th(* migiatoi*)' instinct of man, the advan- 
tages of trade with distant lands, and man’s 
desire to explore and describe, early created a 
need Jor some method whereby it would be 
possible to state accurately the location ol 
places. On a sphiTical surface the problem 
of location is a dilficult one, since no fixed 
points are available. However, since the earth 
rotates on a permanent axis, the terminals ol 
this axis, known as the po/rs, provide conven- 
ient fixed points for the creation of a network 
ol lines with which it becomes possible to fix 
the location of any place on the surface of the 
lobe. This network consists of two sets of 
lies intersecting at right angles. The merid- 
ians extend in north-south directions converg- 
ing toward the poles and diverging toward the 
equator. The parallels extend east-west, and 
any two are of course equidistant throughout 
their extent. The equaUrr is a great circle 
dividing the earth into northern and southern 
halves and therefore is the initial circle, latitude 
0°, for reckoning distances north and south 
(see Ulus. p. 16). As an initial meridian from 
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which to reckon distances cast .^ncl west, the 
meridian that passes over the well-known naval 
observatory at Greenwich (London) was 
chosen by international agreement, and there- 
fore it has become recognized as the Prime 
Meridian, longitude 0°. From it others are 
reckoned eastward to longitude 180° E. and 
westward to longitude 180° W. 

Mercator* s projection. Tb(* grid ol any map 
projection is obtained by projecting the paral- 
lels and meridians upon a flat surface tangent 
to the globe. For example, in McrcaloFs pro- 
jtiction we may imagine a huge cylinder pkiccd 


projection convenient to establish his course. 
He nc(»ds only to draw a straight line from his 
location to his destination, measure the angle 
which this line makes with a parallel or me- 
ridian, and steer the course accordingly. Al- 
though such a course is not the shortest route, 
it has the advantage that the sailor can main- 
tain the same bearings. 

However satisfactorily Mercator s projection 
represents directions, it is poorly suited for 
repres(mtiiig areas of land masses, especially 
those located in the higher latil tides. On this 
projection Greenland appears as huge as Africa, 
whereas it is really only about onc-thirteenth 
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Mere.itor's projection of tlu* world 


over the globe tangent at the e(jiiat(ir, and the 
map projectcid from the ctMiter of the globe. In 
this projection all the meridians arc drawn as 
straight north-south lines and the parallels as 
straight east-west lines. While on the globe 
the meridians all converge to common points 
at the poles, in Mercator’s projection the dis- 
tance between two meridians is the same at the 
poles as at the equator. To compensate for 
this distortion of distances between meridians, 
the parallels arc drawn so that the distances be- 
tween them increase corre.spondingly toward 
the poles (see Ulus, above). 

Since parallels and meridians are straight 
lines on Mercators projection, distances are 
also. For this reason the navigator finds the 


as large. This excessive distortion is readily 
understood if one bears in mind that Mercator s 
projection makes the poles, which an' really 
points, into lines as extensive as the eejuator, 
and that parallels are spaced farther and far- 
ther apart toward the higher latitudes in the 
same ratio that distances between meridians 
are exaggerated. On wall maps used for in- 
structional puqxises, the use of this projection 
should be discouraged. 

The conic projection. The conic projection 
is far bc'ttcr suited to represent the land masses 
of the world than is Mercator s projection. In 
drawing the conic projection, use is made of the 
fact that part of a sphere is similar to part of a 
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(A.) Mollwi'ido’s hontologtapliic projection of tlie world. 


the parallel of tangency. Cons(‘quenlly, the 
eoiiic projection is best suited to show areas 
that have considerable east- west extent. For 
this reason, it is often used in making maps of 
Europe, and particularly of th<‘ Meditt rranean 
lands. Generally speaking, the conic projec- 
tion is also well adapted to show small areas. 

Polyconic projection. In the discussion of 
the conic projection it was stated that distor- 
tion increases northward and southvN'ard of the 
/one of tangency. To remedy this dilficulty 
and make all of the sphere approximately tan- 
gent to the cone, the polyconic projection has 
been devised. Poly conic means “many cones.” 
II, instead of a single cone placed tangent along 
some parallel on the globe, we picture a series 
of superimposed cones, each tangent at a differ- 
('iit latitude, wc can understand the idea of the 
polyconic projection. Since distances at each 


line of tangency aie correctly representeo, and 
the distoition near each such line is only slight, 
it is p(»ssible by this projection to construct a 
map of grc'ater accuracy than on the simple 
conn.* projcctirin. On the polyconic projection 
the meridians ciirxc toward the poll's and tht‘ 
paralli'ls spiead somewhat tow'ard the margins, 
thus giving to thi' map an appcaranct' of bulg- 
ing. The polyconic is preferred for showing 
laig(* areas, parliciilarly those with great north- 
south extent, as, lor (‘xample, Africa, North 
America, or South America. 

The Mollweide homolographic projection. 
None of the three projections n.imed above is 
suitable’ for repri’sc’ntatioii of the entire globe 
on one maj). Homolographic projections get 
their name from the fact that they are ccpial 
area jmijcctions. On them any given quad- 
rangle bounded by two parallels and two me- 
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( B. ) Goode’s interrupted homolosine projection. Goode Series of base maps 
, and graphs, by pc*rniission of University of Chicago Press. 
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riclians is equal in area to any other (juadrangle 
similarly bounded. The Mollweide projection, 
named after its inventor, is extensively used be- 
cause it avoids distortion of areas. It involves, 
however, distortion of directions, particularly 
near the borders of the map grid. This is in 
contrast to Mercator s projection, which does 
not distort direction but distorts areas (see II- 
lu.s. p. 545). 

On the Mollweide projection all parallels are 
drawn as straight lines. The mid-meridian is 
also drawn as a straight line, but the other 



meridians become more and more curved, par- 
ticularly toward the poles. (See Ulus. A, p. 
547.) 

Goodens interrupted homolographic projec- 
tion — the homolosine. The homolosine is a 
modification of the Mollweide projection. The 
late Professor J. Paul Goode conceived the idea 
of centering tne larger continents on meridians 
which may reach from pole to pole or merely 
from pole to equator. The spacial interrup- 
tions which occur on his projection allow a 
faithful representation of the shape either of the 
land masses or of the oceans in the higher lati- 
tudes. On the other hand, these interruptions 
are objectionable in maps to be used for certain 

S OSes; as, for instance, those illustrating 
1 trade (see Ulus. B, p. 547). 


The Scale 

All maps are necessarily smaller than the ac- 
tiiiil surface areas which they represent. To 
interpret correctly distances on them, it is es- 
sential to know what relation exists between a 
certain linear distance in the field and the same 
distance on the map. This relation is called 
the scale of the map. For example, if the dis- 
tance between two houses is 1 mile, or 63,360 
inches, and on the map the symbols for these 
houses are 1 inch apart, then the scale of the 
map is J/63,360 or 1 : 63,360. Th(* metric sys- 
tem, with its simple relationships between units 
of measurement, gives the most satislactory 
map s(‘al(‘S. If the distance b(‘twceii two cross- 
roads is 10 kilometeis (a little ()V(>r six miles), 
or 1,000,000 centimeters, and this distance is 
repicscnted on the map by 1 ccaitimetcr, then 
tile scale of the map is 1:1,000,000. 

If the ratio expressing tlu‘ scale of a map 
is a small value' — as 1:10,000,000 — ^we speak 
of it as a small-scale map. If it is large — as 
1:2,5(‘0 — we spc'ak of it as a large-scale map. 
Large-scale maps show relatively small areas of 
the earth’s surface. Small-scale maps, on the 
other hand, may show whole continents, or 
e\'en the entire earth. The foimer can show 
much detail; the latter ean show^ only the major 
features of the area represented. Most maps 
in atlases arc small-scale maps of continents, 
parts of continents, eountrjes, and so forth. 
Such maps are useful for reference purposes 
and to conviy a general idea of the major fea- 
tures of the natural and cultural landscapes. 

For practical purposes, large-scale maps giv- 
ing considerable detail are necessary. Of 
these, topographic maps arc perha])S the most 
important. They are usually made and pub- 
lished by the governments of the various coun- 
tries. Their scale rarely is smaller than 1 :250,- 
()()(). The uses of such maps are legion; in 
fact, no civilized country can do without a set 
of large-scale maps, covering at least all the 
important sections of the country. Topo- 
graphic maps give much useful detail about 
differences in elevation, types of surface, dis- 
tances, facts of human occupation, and so on. 
They are useful for military purposes, and they 
form a necessary basis for detailed geological 
and soil maps, for the planning of roads, for 
irrigation and drainage works, and for the solu- 
tion of many other practical problems. In 
some countries they arc in great demand by 
tourists. The topographic maps of the United 



APPENDIX 


549 


States are published by the Geological Survey 
at Washington, D. C., and usually they are <>n 
a scale of ];62,5()() or 1.125,000 (see Ulus, 
p. 548). 

Land Survey Maps in 
the United States 

Maps showing the exact location of real es- 
tate, also among the most important large-scale 
maps, are of prime necessity to organized so- 
ciety. Private ownership would not be possi- 


boimds. To locate an area by this method, 
landmarks such as tre('S, streams, rocks, high- 
ways, and stakes are selected as points of be- 
ginning. Directions are then determined by 
the magnetic compass, and distances are ascer- 
tained l)y surveyors’ chains. These landmarks, 
howc'ver, an* not permanent, and even mag- 
netic north is slowly but continually shifting. 
The confusion and uncertainty associated with 
this method of land survey early led to dissatis- 
laction, but any change is difficult when land 
ownership has once become established under 
it. I'hat is the reason for the continuance of 



(A.) Diagram of principal meridian, baseline, town- 
ships, and ranges. 


(B.) Diagram .showing .scheme of imnilicring .sec- 
tions m a township. 


ble without the location and delimitation which 
such devices provide. Such maps arc equally 
important in the assessment of property, in the 
securing of land mortgages, or in any other 
transaction in which r(*al e.state is involved. 
The significance of such transactions in the 
business world should induce all citizens to 
familiarize themselves with the principles in- 
volved in accurate description and representa- 
tion of the location of definite parcels of land. 

Metes and Bounds 

The early pioneers brought with them the 
old European system of location by metes and 


the metes and bounds system in the older sec- 
tions along the Atlantic (’oast even now. 
When the new lands west of the Appalachians 
were ac(juired as part of the national domain, 
improved methods of land description were 
sought and later adopted. 

Acts of (Jongre.ss in 1785, 1796, 1800, and 
1805 provided the groundwork for a com- 
pletely new and more orderly method of sur- 
veying for the newer territory to the west. 
Location on spherical surfaces necessitates a 
carefully estahli.shcd intersection of a meridian 
and a parallel as a starting point. Since it was 
not practicable to refer all surveys to the same 
meridian and the same parallel, several were 
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( A. ) Diagr<iin of mode of subdi\ isioii of a section. 

determined and designated as the refenniee 
lines for civil land survey districts. These 
were designated as principal meridians and 
base lines, respectively. 

Principal Meridians 

Principal meridians are run north or south, 
or both, from some initial point which is ac- 


curately located by latitude and longitude. 
About 32 of these principal meridians ol vary- 
ing length have been surveyed at convenient 
intervals. The first meridian of this nature 
.serves as the boundary line between Indiana 
and Ohio. The second is west of the center 
of Indiana. Some of the principal meridians 
are known by name, others by numbers. The 
one bisecting the eastern part of Nebra.ska, for 
instance, is knowm as the sixth jirincipal merid- 
ian. The Tallahas.sei' jirincijial meridian, on 
the other hand, runs througli the city ol that 
name and is only 23 miles long. North and 
south strips of land about six miles w ide, called 
ranges, are laid off to the east and w est of these 
meridians and arc numbered consecutively. 
Each principal meridian, with its system of 
ranges, is independi'iit of oIIkt like .systems. 

Base lines, extending east and west, are run 
through the initi.il points on tlie principal mi‘- 
ridiaiis At di.stances of six miles and multi- 
ples then’ol from thi* base* line, parallel lines 
are drawn, forming wliat is know'ii as “tiers of 
town.shi]>s ’ nicjic are numbered consecu- 
tively nnith or south from the ba.se line. 

It will be noticed in illustration A on page 
549 that 24 miles north ol the base line slight 
jogs occur c‘a.st ol the principal mt^ridian, to the 
right, w'ht'reas w'est of it the jogs occur to the 
left. Although the delimiting mcnidians are 
.separated by intervals of six miles on the base 
line, the sphericity of the earth ciHiscs them to 
coiwerge northward. At latitude 40'’ the con- 
vergence IS about 6.7 feet per mile, w^hich 
amounts to more th.in 40 feet lor each tow'ii- 



( B. ) Standard time belts of the United States. 
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ship. In order to provide for townships of 
aboiit equal area, these jogs, known as corrrt - 
tion lines, are usually arranged at intervals of 
24 miles. The enclosed units of land, approxi- 
mately 36 square miles in each, are known as 
“congressional townships” as distinguishiMl from 
the political subdivisions of the county called 
“civil townships.” 

In this scheme of land survey, a scjiiarc mile 
is known as a st'ction. The usual manner in 


Reckoning of Time 

The sun reaches its highest position of the 
day on any given meridian at exactly the same 
instant. That instant we call noon, and it is 
upon this that our him* system is based. As 
one goes eastward or westward, the occurrenco 
of the noon instant constantly changes. As a 
result, local time chang(*s. Toward the east 
the hour is more advanced, that is, it is later. 



Standard time zones and the International Dale lane The figures show the time in each zone 
when it IS noon at Greenwich The /ones arc* irregular on the land but are e\’en bands over the oceans. 
Russia runs one hour ahead of standard time in each /one Areas with diagonal lines do not conform 
to the standard time zone system. From Physical Geography, by Albert Seeman, Prentice-Hall, Inc., 
1942. 


which sections are numbered and identified in 
illustration B on page 549. 

The subdivision of sections is computed by 
halves, quarters, and half-quarters. A num- 
ber of ways in which a section may be sub- 
divided arc shown in Ulus. A, page 550. The 
divisions are really simpler than they appear at 
first glance. The essential fact is that a sec- 
tion of land embraces 640 acres and that por- 
tions are designated as definite fractions of this 
number. Thus, if the description reads S i 
NE 1 sec. 20, the area is 80 acres; if a descrip- 
tion reads NW I SW f, only 40 acres are in- 
cluded. 


for the .sun has been above the horizon longer; 
toward the west it is earlier, for the suii has 
been above the horizon a shorter time. Such 
differences in time have many practical impli- 
cations in these days of fast travel, and more 
especially of fast communication. In foreign 
trade it is often essential to know exactly what 
the time is at the client’s office, in order to 
make best use of cable correspondence or for 
telephone or radio messages. 

Standard Time 

Prior to 1883 the people of the different 
cities of the United States generally used the 
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local time of the meridian passing through the 
city. Since the noon instant was not the same 
for any two cities of different longitudes, many 
local time systems were in use. Suc-h a vari(‘ty 
of time was disconcerting to the local inhabit- 
ants and was confusing to all who traveled ex- 
tensively. With the increased use of railroad 
and telegraph, the old system soon fell into di.s- 
favor. A standardized time scheme became 
necessary. 

Since the sun crosses 360 degrees of longi- 
tude in a period of 24 hours, it cross(\s a Indt 
15 degrees longitude in width in one hour. By 
adopting the noon instant of the middle merid- 
ian, the maximum deviation from tlu‘ tnu* local 
noon does not cxcc'cd 30 minutes anywhere 
within the belt. This is the basis for the di- 
vision of the countr)^ into standard time belts, 
and within them the* solar time of the central 
meridian is arbitrarily accepted as the correct 
time for all places, thus, in the United States, 
Eastern Standard Time is based on the merid- 
ian of 75° W. longitude, (xmtral Standard 
Time on the 90° meridian. Rocky Mountain 
Standard Time on the 105° meridian, and Pa- 
cific Standard Time on the 120° meridian. 
Europe has three time belts, corn'sponding to 
our belts of standard time: Westi*rn, (amtral, 
and Eastern Eurojieaii time. Theoretically, 
such time belts should be confined strictly 
within degrees on either side of the standard 
meridian. But .since population centers recog- 
nize no such boundaries, practical adjustinemts 
to problems of individual cities and also to 
transportation problems sometimes make it 
necessary to set aside strict obscr\'ancc of the 
theoretical limits. Therefore the boundaries of 
the lime belts are irregular and only approxi- 
mate the ideal (see Ulus. p. 550). 

The International Date Line 

The previous paragraphs have made clear 
that around the world different clock hours 


occur simultaneously. When it is noon at Lon- 
don, it is past noon east of there and before 
noon west of there. Likewise, when it is mid- 
night at London it is past midnight at places 
east and before midnight at places west. Thus 
when Big Ben strikes the midnight hour at 
London on Saturday night, places to the east 
ha\’e Sunday whereas to the west Satin day still 
persists. 

Tt is obvious that somewhere on earth every 
ii(‘w date must appear first. By inteniational 
agricment, the 1 8()th meridian has been chosen 
as the place where each new date first begins 
(see Ulus. p. 551). The International Date 
LiiK» thus selected makes deviations from the 
180th meridian only whi^re lanil an*as are 
crossed. Thus, every calendar date first ap- 
pears on earth when it is midnight at the Inter- 
national Dat(' Line. Inasmuch as the earth ro- 
tates fiom the >\est timard the east, the 
midnight line travels westw ard from the Inter- 
national Dal(‘ Line, carrying the new dale with 
it. Thus, just W(‘St of the International Date 
Line the new date apjx'ars 24 hours sooner 
than it occurs just east of the line. For ex- 
ample, when it is Tuesday w est of the line it is 
still Monday east of the line and will so con- 
tinue until the; midnight hour reaches there. 
Since the new' date fiist ai rives just west of the 
Date Line and then proceeds wcstw'ard as the 
earth rotates, a compk'te rotation, involving 
24 hours of time*, is nec(‘ssary to br;ng the same 
dale to points just ea.st of the line. With the 
completion of one rotation, Tuesday has bi’en 
begun o\'er all th(' earth, and then Wednesday 
is begun west of the line and the sequence is 
repeated. It is well to impress firmly upon the 
mind that every new date first appears on 
earth when it is midnight at the International 
Date Line, and that it follow's the midnight line 
aromid the world from the Date Line w^estward 
to Japan, continental Asia, Europe, and thence 
across the Atlantic to New York, Chicago, San 
Francisco, and again into the Pacific. 
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Absolute humidity, 76 
Activities: 
economic, 46-59 

and natural environment, 54-55 
group, 12 
human: 

kinds of, differences in, 5-8 
specialization of, 9 
Adiabatic cooling, 78 
Adobes, 52 
Africa, 8 
barley, 244 
cacao, 117 
coal fields, 367 
Congo Basin, 97 
copper, 461-462 
dates, 150 
grapes, 166 
C>uinea coast, 97 
inland transportation routes, 536 
iron ores, 433 
life in, 5, 6 
mahogany, 139 
oranges, 170 
peanuts, 188 
petroleum, 400 
phosphates, 324, 325 
population distribution, 14 
sheep, 161 
tropica] land, 19 
water power, 415, 418 
tse-tse fly, 101, 102, 140 
Agar-agar, 285 

Agricultural implements, manufacturing, 507 
Agriculture, 3, 47-49, 54 
climate and, 59 
commercial, 47, 48-49 
dry subtropical regions, 159-161 
grain, 161 

east coast continental region, 207-208 
humid continental region, 205 
humid subtropical regions, 178-179 
in colonial America, 334 
of rainy tropics, 100-104 
regions of North America, 238 
semiarid regions, 220, 221 
subpolar region, 213 
subsistence, 47-48 
tropical highland climate, 109 
tropical savanna climate, 107 
tropical steppes, 140 
warm desert regions, 149-152 
west coast marine region, 210-211 
Air, cooling of, 78 


Aircraft industries, 512-513 
Air currents, 72 
Airlines: 

American, international traffic, 531 
ocean, 533-535 
Airplanes, 519-520, 528, 530 
Air pressure and winds, 71-76 
Akron, Ohio, rubber industry, 127 
Alabama: 
iron ore, 425 
petroleum, 385 
Alaska: 
coal, 363 
fishing, 278, 283 
population distribution, 18 
reindeer, 272, 273 
tundra, 270 
Aleutians, 33 

Allentown-Bethlehem district, steel center, 430 

Alloy metals, most important, 443 

Alloy steels, 442 

Alluvial cones, 41 

Alluvial fans, 41 

Alluvium, 40 

Alpine, definc^l, 35 

Alpine system of mountains, 33 

Alps, electric railroads in, 36, 522 

Altitude: 

air pressure and, 71 
and climate, 85-86 
and temperature, 70 
Aluminum, 420 
foreign sources, 466 
future outlook, 466-467 
occurrence, 462 
uses, 463-464 
Andes Mountains, 33 
Anemometer, 72 
Animal industries, 35 

dry subtropical regions, 161 
Animal life: 
native, 58 

tropical rainy climate, 99 
tropical savanna climate, 106-107 
tropical steppes, 145 
warm desert regions, 150-152 
Animal power, 517-518, 524 
Antarctica, 18 
Anthracite, 350, 354-358 
beds, 355 
Anticlines, 379 
Anticyclones, 74 
Antitrades, 74 

Appalachian province, petroleum, 380-383 
Appalachians, 33 
555 
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Arabia: 
coffee, 136 
dates, 150 
petroleum, 399 
Arctic, 19 
life in, 5 
Argentina: 

cattle industry, 233-234 
corn, 241-242 
petroleum, 394 
wheat, 233-234 
Argentine Pampa, 176 
Arid regions, intermediate, 222-224 
Arizona: 

copper, 457, 458 
cotton, 179 
vegetation, 223 
Arkansas, bauxite, 463 
Asbestos, 309-310 
Ash, in coal, 351 
Asia: 

atmospheric pressure and winds, 77 
coal fields, 367 
cotton, 185 

inland transportation routes, 536 
iron ores, 433-434 
manganese, 445 
petroleum, 397 
eastern Asia, 399-400 
southeastern Asia, 399 
population distribution, 14, 15 
rice, 190-193 
silk, 196-197 
soybeans, 244 
tea, 194, 195, 196 
tobacco, 249 

water power, 415, 417-418 
Asia Minor, oli\'cs, 162 
Aspdin, Joseph, 306 
Assam tea, 194 
Atlantic Ocean: 
fisheries, 278, 280-281 
greatest known depth, 26 
Atmosphere, 26 
Atmospheric pressure, 71-79 
Australia: 

beef industry, 253-254 
coal fields, 367 
currants, 165 
dairy industry, 256 
grapes, 165 

inland transportation routes, 536 

iron ores, 434 

lead, 468, 469-470 

oranges, 170 

petroleum, 400-401 

population distribution, 14, 18 

sheep, 257 

sugar, 129 

wheat, 234 

wool, 257 

zinc, 472, 473 


Austria, population distribution, 15 
Automobile industry, 510-512 
Automobile transportation, 519, 524 
Axis of earth, 63-64 


B 

Bagdad, dates, 150 
Baltimore, sugar refining, 129 
Bananas: 
climate, 112-113 

countries of origin, imported by U. S., 115 
harvesting, 114-115 
how grown, 114 

humid tropical regions. 111, 112-115 
international trade, 113-114 
marketing, 114-115 
plantations, 114 
production centers, 113-114 
soil conditions, 1 12-113 
varieties, 112, 113 
Barbados, population density, 15 
Barbenne Reservoir, Switzerland, 404, 405 
Barley, 160, 243-244 
international trade, 244 
range and production centers, 243-244 
uses and (|ualities, 243 
Barometric pressure, 66, 71, 72 
Barrier bt'adies, 41 
Basalt, 296 
Base lines, 5'19, 550 
Basic rocks, 296 
Basia, dates, 150 
Bauxite, 463 

txmversion into aluniinuni, 464-466 
foreign sources, 466 
production statistics, 464, 465 
Beaches, barrier, 41 
Beaufort scale, 73 
Bedrock, 29-30 
classes of, 30 
Beef iiidustr)', 252-256 
Australia, 253-254 
Europe, 254 
South America, 253 
United States, 252-253 

Beet sugar vs. cane sugar, 246 (see also Sugar 
beets ) 

Belgian Congo, copper, 461 
Belgium: 
coal, 370 
iron ores, 437 
population distribution, 15 
zinc, 472, 473 

Berea, Ohio, sandstone, 296-297 
Bennuda, population density, 15 
Bessemer, Sir Henry, 442 
Bessemer con\'crters, 484 
Bessemer furnace, 442 
Bethlehem Steel, 429, 430 
Big Inch pipe line, 391-392 
Big Three areas of population, 15 
BiUingsgate, England, 282 
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Birmingham district, iron and st('cl, 429>43() 
Birth rate, 23-24 
Bison, slaughter of, 47 
Bituminous coal, 350, 353-354 
topographic map, Pennsylvania, 357 
Black lignite, 358 

Boats and boat building, 513-514, 521 

Bogota plateau, 36 

Bolivia, tin, 475 

Bonneville Dam, 412, 415 

Boulder Dam (see also HocntT Dam) 

Brazil : 

cacao, 1 17-118 
cattle, 252 
climate, 97 
coal, 372 

coffee’ production, 134-136 
corn, 242 
iron ore, 432-433 
manganese, 445 
plateaus of, 36 
tobacco, 249-250 
Brazilian Highlands, 33 
Brazil nuts, 140 
Bricks, 52 
silic’a, 296 

British Chiiana, bauxite, 463 
British Isles, Ice Age in, 14 
Bronze Age, 292 
Buffalo, 47 
water, 140, 252 

Buffalo and Niagara Falls district, 490 

Building indu.stry, 51-52 

Bunch grasses, 176 

Biirriia, rice, 191, 193 

Business, form of public trust, 542-543 

Butter, 255, 256 

Buttons, 140 


C 

Cacao, 111, 115-118 
distribution, 117-118 
international trade, 118 
production, 115-117 
types, 117 
Cacti, 223, 224 
Calcitc, 28, 29 
California: 
currants, 165 
dates, 150 
figs, 163 

fish-canning industrv, 283 
grapes, 165 
Great Valley of, 35 
lemons, 168 
olives, 162 
oranges, 171 
petrolc’iiiu, 387-388 
poultT) farms, 161 
prunes, 164 
sandstone, 297 
Camel, 150-151 


(Canada: 

copper, 458, 461 
fisheries, 280 
lead, 469 

luru^r industry, 264-265 
pc’trolcum produetion, 394 
population distribution, 18 
wheat production, 230-232 
zinc, 473 

Cane sugar vs. beet sugar, 246 
Caiinel coal, 358 
Capital goods, 4, 51 
Carbon: 

in coal, 349, 351 
in soils, 91 
Cardiff coal field, 369 
(Carlsbad Caserns, 41 
Carlsbad potash field, 329, 330 
Caittlc, 251-252 

beef industry, 252-256 ( see also Beei industry) 
grazing. 

.irid regions, 224 
sc’iniarid regions, 220-221 
industries, 140-141 
raising, 252 
Caiycnne pepper, 138 
Cedar wood, 139-140 
(a’llnloid, 498 
Camient: 

Portland, 306-307 
Piizzolan, 306 
Cenieiit Age, 308 
Oinent industry, 306-308 
Oiitral America, climate, 97 
Chaparral, 158 
Charcoal, 441 
Cheesi* production : 

Canada, 256 
United States, 255 

Chemical industries, products and branches of, 
496-498 

C^herno/eiiis, 92 

Chicago district, iron and steel, 428-429 
Chickens, 161 
I Chile: 
j coal, 372 
I copper, 51, 460, 461 
iron ore, 432 
nitrate, 321, 322-323 
Chili jK’ppcr, 138 
China, 8, 24 
barley, 244 
coal, 371 
cotton, 185-186 
fish culture, 47 
orange production, 170 
overpopulation, 21-22 
rice, 191, 192 
silk, 196, 197 
tea, 195 

Chinaware, 298-300 
Chinese and the land, 28 
Chine.se ttia, 194 
Chocolate, 115 
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Chromite, world supplies of, 447-448 
(Hiromium, 446-448 
Chukchi, 271 
("iiichona tree, 138 

Cincinnati-Dayton-Columbus district, 490 
Cinnamon, 137 
Citrus fruits, 166-171 
grapefruit, 189-190 
femons, 167, 168 
limes, 166 
oranges, 168-172 
Civil townships, 551 
Clays, 298-299 

Clay-working industries, 298-301 
Climate, 58-81 
and agriculture, 59 
and precipitation, 79-80 
and world vegetation, 87, 88, 89 
arid regions, 222, 224 
classification of, 82-83 
Continental, 85 
defined, 58 

dissimilarity, a base of trade, 59 
effects of large water and land niass(*s on, 84 
85 

intermediate, 84, 86-87 
kinds of, 83-85 
major, of world, 86-87 
marine*, 84-85 

middle latitude {see Intermediate chinat(‘s) 

mountain or liigh altitude, 85, 87 

nature of, 58-59 

oceanic, 85 

polar, 84, 87 

subtropical, 83-84, 86 

transportation and, 525-527 

tropical, 83, 86 

weather and {see Weather: and climate) 
Climatic types, 85-87 
Climatic zones, 83-84 
Climatology, 82 
Clouds, 78 
Cloves, 137 
Coal, 292, 347-373 
Alaska, 363 

anthracite, 350, 354-358 
Belgium, 370 
bituminous, 350, 353-354 
cannel, 353 
China, 371 

coking and noncoking, 353-354 
constituents of, 349-351 
earliest use of, 349 
Eurasia, 368-371 
foreign trade in, 364, 368 
France, 370 

freight tonnage carried by American steam rail- 
ways, 348 
Germany, 370-371 
India, 371 

industries associated with, 484-486 
industries concentrated near, 484 


Coal (confd): 

Japan, 371 
kinds of, 351-358 
contents of, 350 
heating value of, 350 
lignite, 350, 352 
major fields, in world, 367 
map, of world, 368 
mining, 50, 349 
peat, 352 

problems of American industry, 368 
semianthracite, 354 
semibituminous, 350, 354 
smokeless, 354 
South Africa, 372 
South America, 371-372 
Soviet Union, 371 

United States, 348, 349, 358, 362-364 
eastern province, 358-360 
Gulf Coast province, 362-363 
interior province, 360-362 
Pacific Coast province, 363 
significance of distribution, 363 
uses of, 351 
Coal-tar dyes, 497 
Coca bush, 138 
Cocaine, 138 
Cocoa, 115 

Coconut palm, 119-121 
coir, 121 

commercial production, 120-121 
copra, 120-121 
Coffee, 131-136 

conditions favorable for culture, 132 
finest lands for growth, 132, 133^ 
international trade, 136 
present distribution of industr\', 132-136 
principal producing countries, 135, 136 
varieties of trees, 132, 136 
Coking and noncoking coal, 353-354 
Colonial America, 334-335 
Colorado River, 414, 415 
Columbia Plateau, 216, 217, 218, 221 
wheat, 232-233 

Columbia River, hydroelectric power along, 412, 
415 

Commerce, 52-53 
Commercial agriculture, 47, 48-49 
Communication, 52 
Conglomerate, 296-298 
Congressional townships, 551 
Conic projection, 545-547 
Coniferous forests, 89, 138 
Connecticut Valley, tobacco in, 248 
Conowingo Dam, 407 
Consumer goods, 51 
Continental climates, 85 
Continental shelves, 28 
Continents, in relation to oceans, 27 
Contour plowing, 185 
Convectional rain, 78 
Cooling of air, 78 
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Copper, 420, 455-462 
mining: 

Canada, 458, 461 
United States, 457-458, 461 
ores, 456-457 
production, 460-462 
Africa, 461-462 
Mexico, 460 
other countries, 462 
Peru and Chile, 51, 460, 461 
regions of world, 459 
smelters and refiiu*ries, 458, 460 
Copra, 120-121 
Corals, 285 
Corn, 236-242 
and American colonists, 237 
Corn Belt, 179, 239-241 
harvesting, 240 
in Argentina, 241-242 
in Europe, 242 
in various regions, 242 
production statistics, 239 
products, 237 
types, 241 
uses, 236-237 

westward expansion, 237, 239 
Corn Belt, 179, 239-241 
soybeans, 244 
Correction lines, 551 
Cotton, 179-187 
China, 185-186 
climatic requirements, 179-180 
Egypt, 185 

historical significance, 180-182 
India, 185 

international tiends, 186-187 
mechanical picking of, 184 
picking, 184 

planned production ol, 184 

raw, centers of consumption, 187 

regions where grown, 179, 181, 182 

Russia, 186 

South America, 186 

textile industry, 499-501 

types, 182 

United States, 182-185 
Cotton Belt, 182, 183, 184 
climate, 155, 178 
Cotton gin, 182 
Cow country, 221 
Creep, 38 
Cuba: 

manganese, 445 
sugar, 128, 129 
tobacco, 249, 250 
Cultural landscape: 
industrialization and, 487-488 
natural landscape and, 55-56 
Curasao, 169 
Currants, 165 
Currents: 
air, 72 


I Currents (canfd): 
ocean, 70 

Ciiyuna Range, iron ore, 422 
('yclones, 74 
tropical, 105 
('yclonic rain, 78 
(Cyclonic storm belts, 75 
('/(‘(‘hoslovakiti: 

iron ores in, 438-439 
population distribution, 15 
pottery, 3(K) 
sugar beets, 245 

D 

Dairy industry, 254-256 
Australia, 256 
Europe, 255 
New Zc'aland, 256 
United States, 254-255 
Dakotas, population distribution, Id 
Dates, 150 
Day, 65, 66 

Death rale, decrease of, 17 
Death V alley, 322 
Deciduous forests, 89 
Decomposition, rock, 37, 38 
lX‘lfl ware, 300 
Della, 40 
Denmark: 

dairy industry, 254, 255, 256 
population distribution, 15 
pottery, 300 

Deposition, erosion and, 08-39 (m' also Eiosion: 
and deposition) 

Desert regions, middle latitudes 87 ( st'c also Inter- 
mediate arid regions ) 

Deserts, 18, 19, 41-42 
soils, 93 

warm {sec Warm desert regions) 

Detroit district, 489 
Dew|>oinl, 76, 78 
Diabase, 296 
Diastrophisni, 31 
Diseases, pests and, 10, 101 
Disintegration, rock, 37-38 
Distance, c»conomic, 3 
Distributaries, 40 
Doldrums, 73 
Domestic services, 54 
Donets Basin, Ukraine, 493 
Drake, Colonel E. L., 375, 376 
Dried fruits, 162-165 
currants, 165 
figs, 163 
prunes, 163-164 
raisins, 165 
Drugs, 497 

Dry intermediate climates, 87 
Dry subtropical climates, 86 
Dry subtropical regions, 86, 154-173 
agriculture, 159-161 
animal industries, 161 
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Dry subtropical regions (confd): 

citrus fruits, 166-171 {see also Citrus fruits) 

distribution and cliaracteristics, 155-159 

dried fruits, 162-165 

early iruils and vegetables, 172-173 

grapes, 164-165 

borticulture, 161-166 

olives, 162, 167 

plant lile, 157-159 

rainfall, 154, 156-157 

soils, 159 

tc'inperature, 156-157 
winds, 157 

wine-makinc industry, 165-166 
Dry tropical climates, 86 

Dry tropical regions, 86, 142-153 (see also umlci 
separate headings ) 
tropical steppes, 86, 143-146 
warm deserts, 86, 146-153 
Dunes, sand, 42 
Durable goods, 51 
Dunlin wheat, 161 
Dust bowl, 4 
Dust storms, 42 
Dvestuffs, 497 

E 

Earth, 25-45 
axis: 

if not inclined, 66 
parallelism of, 64 
distance from sun, 61 
t‘arly concepts, 25 
external forces, 31 
internal forces, 30-32 
land (see Land) 
nature of, 25 
relation to sun, 25 
rotation and heat distribution, 64-65 
spheres, 26-28 
sphericity of, 61, 63 
statistics, 25-26 

surface of, forces that affect, 30-31 
Earth(]uakes, 33 

East coast continental regions, 87, 206-208 
land utilization, 207-2()8 
plant life, 206-k)7 
rainfall and humidity, 206 
temperature, 206 
winds, 206 

East Indies (see also Netherlands Indies): 
climate, 97 
quinine, 138 
East monsoon, 129 
Ebony wood, 139 
Economic distance, 3 
Economic geography: 
field ancl function of, 1-10 
importance of study of, 9-10 
Ecuador, cacao, 116, 117 
Egypt, cotton, 179, 180, 185 
Electric furnace, 442 
Electrotechnical industry, 507-509 


Emigration, 23 
Entrepnmeurship, 4 
EpicontincMital seas, 28 
Equator, 26 

Eipiatorial belt ol low pressure, 73, 74 

Ecpiatorial front, 74 

Ecpiinoxes, 64 

Ergs, 42 

Eiosioii. 

and deposition, 38-39 
by water, 39-41 
by v\'ind, 41-42 
giaeial, 42-44 
sheet, 39 

Eskimos, 5, 271, 272, 273 
Ethiopia, 35-36 

Eurasia, c o.il jnodiietioii, 368-371 
Europe: 
barley, 244 
bt'cf industry, 254 
coal fields, 367 
corn, 242 

el(*ctiotcchnical industry, 508 
industrial regions, 492-493 
inland tr.inspoitation route's, 535-536 
nianganese 445 
northwestern, coal, 369 
jietroleuni, 397 

})opulation distribution, 14, 15 
pitash, 331 
sugar beets, 245 
water power, 415-417 
wheat, 234-235 
E\'c*rgrcc*i is, 176-177 
Evergreen subtiopic<d forc'sts, 89 
Evergreen tropical rain forests, 89 
Exchange of goods, increased possibilities lor, 9 
Explosives, 497 
Expoits, invisible, 17 
External forces, 31 
land torins and, 36-37 

F 

I Kaetoiies, 2-3 
Fall line zone, 411 

Fanning, 12, 14 (sec also Agriculture) 
fur, 268 
irrigation, 160 
Farms, power on, 3 
Fault, 32 

Feldspars, 28, 29, 289-290 
Ferroalloy metals, 441-454 
chroiinum, 446-448 
manganese, 443-446 
molybdenum, 449-451 
nickel, 448-449 
tungsten, 451-453 
vanadium, 453-454 
Ferromanganese, 443 
Fertilization, metbods of, 317 
Fertilizers, 497-498 
commercial mineral, 317-325 
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Fiber synthetics, 498, 501-503 
Figs, 163 
Fig wasp, 163 
Finland, 43 
iorcsts, 260, 261, 266 
wood pulp, 267 
Fish and man, 277 
Fisheries: 

Atlantic, U. S. and Canada, 280-281 
future of, 285 
Japan, 278-280 
northeast Pacific, 282-283 
northwest Europe, 281-282 
Northwest Pacific area, 279-280 
Fishing, 47 
in tropics, 283 

major areas of world, 278-283 
methods, 277-278 
Fixed dunes 42 
Flax fiber, 250 
Flaxseed, 250 
F1o(k1 plains, 40 
Florida: 

grapefniit, 189 
lemons, 167 
oranges, 168, 170-171 
petroleum, 385 
phosphates, 325 
Folding, 32 

Fontana, California, steel center, 431 
Food, first sources of, 46 
F(K)d industries, 494, 495 
Forest products, 49 
Forests, 89 
coniferous, 89 
deciduous, 89 
evergreen subtropical, 89 
evergreen tropical rain, 89 
gallery, 158 

iuternu'diate climates, 259-268 
centers of exploitation, 261 
resources tor industry, 49 
scTub, 158 
soils, 93 

subpolar ri'gion, 213-215 
types, 89 

United States, 261-264 
west coast marine region, 210 
Formosa, sugar cane, 131 
Fort Peck Rcsers’oir, 413 
France: 
coal, 370 

iron ores, 435-436 
potash, 331 
pottery, 300 

water power, 415, 416-417 
Fruits: 

dried (sec Dried iniits) 
early, 172-173 
subtropical, 189-1 SX) 

Fuegians, 271 
Fujiyama, 36 


Fungi, destructive, 101 
Furs, 267-268 
fur farming, 268 
regions oi production, 267-268 
Fur seals, 284-285 


G 

Galena, 467 
C^allerj' forests, 158 
Gahani/ing process, 471 
(Taheston, cotton port, 185 
Garigue, 159 
(;as, 392 

natural, pipeliiu‘s, 392 
Ciencral circulation, 73-75 
climatic importance oi, 75 
Cicnexa, Utah, steel plant, 430, 431 
Cieorgia, peaches, 189 
C«cnnan silver, 471 
Ck^nnany: 
birth rate, 24 
coal, 370-371 
iron ores, 436-437 
lead, 470 

population distribution, 15 
potash, 331 
jHittcry, 3(K) 
water jiower, 415, 417 
zinc, 472, 473 

Giants' (Causeway, Ireland, 295 

Gila monster, 150 

(anger, 138 

Glacial drift, 44 

Glacial Period, 43 

GlaciiTs: 

erosion and deposition b), 42-44 
nature of, 43 
Glassmakiiig, 296 
Gneiss, 303 
I Goats, 159, 161, 224 
‘ m wann desert regions, 151, 152 
1 Gobi desert, 87, 222 
Good Earth, The (Pearl Buck), 28 
Goode’s interrupted homolographic projection, 547, 
548 

Goods, types of, 51 
C^iodyear, Charles, 124 
Grains: 

dry subtropical regions, 161 
humid continental region, 205-206 
Grand Banks, 27, 280 
Grand Coulee Dsun, 412, 413, 415 
(«ranites, 292-296 
Grapefruit, 189-190 
Grapes, 164-166 
Grasses, 176 
Grasslands, 89 
soils, 93 

temperate, colonization of, 229-230 
Gravity and erosion, 38 
Great Britain: 
industrial regions, 492-493 
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Great Britain (cmfd): 
irnn ores, 434-435 
textile industry, 501 
Great Falls, Montana, 413 
Great Lakes, ore boats on, 428 
Great Plains area, 6, 217, 219, 220, 221 
Greece, 14 
currants, 165 
figs, 163 
olives, 162 
raisins, 165 

Greenland, population distribution, 18 
Green manures, 317 

(Greenwich naval observatory, London, 545 
Grimsby, England, 282 
Group activity, 12 
Guayule, 126 
(»ulr Coast province: 
coal, 362-3&3 
petroleum, 385-386 
sulphur, 315 
Gulf Stream Drift, 70 
Gushers, 381 
Gypsum, 310-312 
agricultural, 310 

H 

Halite (common salt), 28 
Hammada, 41 
Hurd pan, 90 
Hardwoods, 138, 139 
Havana cigars, 249 
Hawaiian Islands, sugar cane, 131 
Heat distribution; 
earth s rotation and, 64-65 
seasonal changes, 65-66 
without circulation, 67 
world, 70 

Heating, unequal, of land and water, 67, 70 
Hematite, 421 

Herding in warm desert regions, 150-152 
Hevea tree, 122-123, 126 
Highs, 75 
subtropical, 73-74 
Highway traffic, 526-527 
Hogs, 179 

Homolocine, 547, 548 
Hoover Dam, 405, 406, 414, 415 
Hornblende, 28, 29, 291-292 
Homed toad, 150 
Horse latitudes, 73 
Horses, 251 

Horticulture, dry subtropical regions, 161-166 
Housing: 
in England, 11 
in New York City, 20 
Human locomotion, 524 
Humid continental region, 87, 199-206 
land utilization, 205-206 
plant life, 203 
precipitation, 202-203 
soils, 203-205 


Humid continental region (confd): 
temj^rature, 87, 200-201 
winds and storms, 201-202 
Humid intermediate regions, 87, 198-215 
east coast continenhu region, 87, 206-208 
humid continental region, 87, 199-206 
subpolar region, 87, 211-215 
west coast marine region, 87, 208-211 
Humidity, 78 
kinds of, 76 

Humid subtropical regions, 86, 174-197 
agriculture, 178-179 
cotton, 179-187 
fruits, 188, 189-190 
livestock, 179 
peanuts, 187-188 
plant life, 176-177 
rainfall, 175-176 
rice, iflO-193 
silk, 196-197 
soils, 177-178 
tea, 193-196 
temperature, 174-175 
vegetables, 188-189, 190-193 
winds, 175 

Humid tropical regions, 86, 95-110 
agricultuial products, 111-141 
bananas. 111, 112-115 
cacao. 111, 115-118 
cattle industries, 140-141 
coffee, 131-136 
medicinal products, 138 
rubber, 123-127 
spices, 136-138 
sugar cane, 127-131 
vegetable oils, 118-122 
woods, 138-140 
highland type, 86, 107-110 
rainy type, 86, 97-104 
savanna t^pe, 86, 104-107 
Hungary, population distribution, 15 
Hunting, commercial, 46-47 
Iluiricanes, 105 
Hydrocarbons; 
in coal, 351 
in petroleum, 377 
Hydroelectric power, 407-419, 442 
Hydrogenation process, 378 
Hydrosphere, 26-27 
Hygrometer, 76 

I 

Ice, erosion and deposition of, 42-44 
Ice Age, 43 

Ice-cap climate, 273-274 
Iceland, population density, 18 
Idlewild Airport, 523, 525 
Imeous rocks, 30, 292-296 
Illiiiois; 
coal, 364 

population density, 15 
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Illinois-Southwest Indiana petroleum province, 

384 
India, 17 
barley, 244 

cattle production, 140 
coal, 371 

cotton, 179, 180, 182, 185 
iron ores, 434 
manganese, 445 
population distribution, 15 
tea, 194-195 

Indiana, limestone, 302-303 
Indianapolis, 57, 490 
Indians, American, 6 
Indonesia, petroleum, 393 
Industrial development in United Slates: 
1783-1840, 335-338 
1840-1860, 338-342 
1860-1910, 342-343 
1910 to present, 343-346 
Industrialization, 23 
and environment, 54-55 
Industrial regions, 481-494 
and cultural landscape, 487-488 
bases of world location, 482-483 
coal fields, 484-486 
Europe, 482, 492-493 
Continent, 493 
Great Britain, 492-493 

manufacturing, 481-488 (see also Manulaclur- 

"ig) 

near trade centers, 487 
power, effect on, 486 
raw materials, effect on, 486-487 
United States: 

Northeastern, 482, 488-490 
South and West, 490-492 
where they have dc\ eloped, 483-487 
world, 488 

World War II and, 493-494 
Industries, 46-59 
and water power, 418-419 
compared, 494-496 
forest, 49 

in colonial America, 334-335 
Inland transportation, 535-537 
Insect pests, 163, 179 
Insolation, 61, 63 
Intermediate arid regions, 222 224 
climate, 222, 224 
land utilization, 224 
plant life, 224 

Intermediate regions, 84, 86-87 
arid types, 222-224 
forests and forest industries, 259-268 
humid types, 198-215 
products, 226-258 
barley, 243-244 
corn, 236-242 
flaxseed and flax fiber, 250 
livest(x:k, 250-258 
oats, 242-243 


Intermediate regions (confd): 
products {ronfd): 
rye, 236 
soybeans, 244 
sugar be(*ts, 244-246 
tobacco, 246-250 
wheal, 227-236 
semiarid types, 216-222 
Intermediate semiarid regions, 216-222 
land utilization, 220-221 
outlook, 221-222 
plant life, 218 

lamfall and humidity, 217-218 
M»ils, 218-220 
temperature, 217 
winds, 217 

Internal forct\s, land forms and, 30-32 
International date line, 552 
Inter tropical front, 74 
Iodine, 285 

Iran (Persia), petroleum, 398-399 
Iraq, petroleum, 393, 399 
Iron, scrap, 442-443 
Iron Age, 292 
Iron and steel, 420-440 
centers in United States, 426-432 
Birmingham district, 429-430 
Chicago district, 428-429 
Eastern Pennsylvania district, 430 
Lake Erie district, 427-428 
other districts, 430-432 
Pittsburgh- Youngstown district, 427 
world situation, 440 
Iron Mountain, Utah, 424 
Iron ores, 54, 420-421 
crude, production of, 425 
United States, 421-425 
annual production, graph, 422 
Lake Superior district, 422, 424 
northeasteni district, 422 
soiitlieustcrn district, 422 
summary, 425 
western district, 424 
world areas, map, 432 
world resources, 432-440 
Africa, 433 
Asia, 433-434 
Australia, 434 
Belgium, 437 
Czechoslovakia, 438-439 
France, 435-436 
Germany, 436-437 
Great Britain, 434-435 
Luxembourg, 437 
Mediterranean countries, 440 
Oceania, 434 
Poland, 438 

South America, 432-433 
Soviet Union, 439-440 
Sweden, 437-438 
Iron oxides in soils, 91 
Iron woods, 138 
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Irrigation: 

cotton grown under, 179, 180, 185, 186 
in semiarid regions, 221 
Irrigation famiiiig, 160 
Isobars, 71 
Isohyets, 78 
Isothermal lines, 68, 69 
Italy: 

birth rate, 24 

orange pioduetioii, 169-170 
population distribution, 15 
sulphur, 317 
water power, 415, 417 
zinc, 474 

j 

Japan, 17 
barley, 244 
coal, 371 
copper, 461 
fish culture, 47 
fishing, 278, 279-280 
manganese, 445 
orange production, 170 
silk, 196, 197 
tea, 195 
zinc, 472 
Java, 8, 17, 19 
population distribution, 15 
sugar, 129 

Joplin, Missouri, zinc, 471 
K 

Kalahari desert, 18 
Kaolin, 298 
Karst areas, 41 
Kentuc'ky: 
coal, 358, 364 
tobac-co, 249 
Kenya plateau, 35 
Keokuk Dam, 407, 413 
Kerosene, 376 
Knit goods, 503 
Kola nut, 138 
Krivoi Rog iron ores, 493 
Kurils, 33 

Kuznetsk, coal-mining, 51 
L 

T flRfir 1 2 4 

La Gilardia Field, 524, 525 

Lake Erie district, iron and steel, 427-428 

Lake Michigan, Southern, district, 489-490 

Lakes, 57 

and terminal moraines, 44 
playa, 41 

Lake Superior district, iron ores, 422-424 
map, 423 

Lancashire district, 493 


Land, 4 

content, 57, 287-288 
defined, 287 
forms, major: 

and external forces, 31, 36-37 
and internal forces, 30-32 
foundation materials, 28 
highest, 32 
lowest, 32 

masses, and climate, 84-85 
nature of, 28 

sill face, piTcentage of, at stated I'levations, 33 
use of term, 28 
Land plaster, 3, 10 
Landslid(*s, 38 
Land siirx cy maps, 549 
Lapps, 271, 272 
fisheries, 281 

Latentic soils, 92, 99-100 
Iia\as, 296 
L(‘ad, 420, 467-470 
Australia, 469-470 
(^aihida, 469 
(iermain, 170 
inlcTiiational trade, 470 
Mi‘\u‘o, 169 

])rodu('tion statistics, 468 
Spam, 470 
United States, 169 
Leaders, df*vc4o]mient of, 12 
Leather and leather goods, 504-505 
Lemons, 167, 168 
Lesedie, 157 
Li'sees, natural, 40 
Libya, ])opiilation distiibntion, 18 
Lignite, 350 
black, 352 
Lime in soils, 93 
Limes, 166 
Limestone, 301-303 
cjiianying iind utilization, 303 
Limonite, 421 
Lithospheic, 26, 27-28 
Livestock, 179 

humid subtropical regions, 179 
interinediatt* i(*gions. 250-258 
LiMiig, high standard of, 2, 3 
Location and economic activ ities, 56 
Lodestones, 421 
T^oess deposits, 42 
Logging, 49 

Lorraine district, iron ores, 436 
Los Angeles: 
climate, 154 

wearing apparel industry, 503 
Louisiana, petrolciini, 385 
Lows (see Cycloiii's) 
laimber industry, 49, 260-261 
Canada, 264-265 
United States, 261-264 
world trade, 265-266 
Luxembourg, iron ores, 437 
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M 

Marchia, 158 
Mac'hiiitTV, 4 

textilc-muniifactui Ing, 508-507 
Muchiiiery manuiai'tiiriiig iiuliisti los, 508-500 
agrk'ultiiral iniplenuMils, 507 
iiiachiai.* tuols, 508 
textiles, 508-507 
Magma, 30 
Magnesium, 477-470 
foreign eoiintries, 470 
oecurreiiee, 478 
outlook lor liitnn', 470 
United States, 170 
uses, 478-470 
Magnetite, 421 
Mahogany wood, 130 
Maiiimoth Cave, 11 
Man and natural en%ironiiient, 4 
Management, 4 

Manchurian Plain, soybeans, 244 
Manganese ores, 113-448 
foieign countries, 141-448 
United States, 4 14 
Manufacturing, 51, 481-488 
iinportaiiee of, 481-482 
localization ol, factois f:i\oiing, 483-487 
Map projections, 
conic, 545-547 

Goode's inlenupted lioniolographie piojeition, 
547, 548 
Mercator’s, 545 

Mollweide hoinologiaphic, 547-548 
polycoinc, 547 
Maps, 543 
land survey, 5*10 
scale of, 548 
topogiaphie, 548 
Maquis, 158 
Marble, 303, 30-1-.305 
Marine climates, 84-85, 100 
Marine life, 27, 278 
Marine products, 285 
Marine terrace, 41 
Maryland, population densit)*, 15 
Massachusetts: 
paper munufacture, 480 
rayon manufacture, 501 
rubber industry, 5()4 
woolen goods, 503 
Medicinal products, 138 
Medicines, 407 

Mediterranean climates, 86, 154-173 (see also ])i\ 
subtropical regions) 

distribution and chmactcristics ol, 155-150 
Mediterranean region, 155 
iron ores, 440 

orange production, 168-170 
Menliadcn, 280 
Mercator s projection, 545 
Merchant marine, table, 513 


I Meiidiatis, 28, 543-544 
piinciiMl, .550-551 
Mesabi Range, iron ore, 422 
Mc'tallie oies, 420 
Metals. 

Ji'rioalloy, 441-454 (.%r also Ferroalloy metals) 
iionferroiis, 4.5.5-480 {see also Nonferrous metals) 
Metmnorphie locks, 30 
most coinnioii, 303-305 
Meteoiological stations, 81 
Metes and bounds, .540-550 
Mexico’ 
eoppei, 480 
k*ad, 4()0 
pc’tioleuin, .303 
7IIK, 472, *173 
Mu a, 28, 2‘J0-201 
Michigan, 
non oie, 125 
I jietroleiiiii, .38.3-384 

j Mid-eontmeiit pioMiiee, pelroleiiiii in, 384-385 
I Middle latitude climates, 84 
Middle latitude desert regions, 87 (sec also Inler- 
nicdiate and legions) 

Middle latitudi* steppe legions, 87 (see also In- 
tel mediate seiinand ri’gions) 

Middle West, industry m, 402 
Milk, 2.5.5, 408 
I Milpa agriculture, KX), 101 
Miiieial lcrtih/t*rs, eointnercial, 317-325 
nitr.it(\s, .320-323 
northwestern Furope, 318-320 
United Stales, 310, 320 
Miiu’ral products, 40-51 
Minerals 

and lotks, as economic resources, 288 
content, of land, 287-288 
defined, 28 

essential to industrial progrc'ss, 287-308 
of direct (’conoimc use, .3(X)-332 
roc’k-coi isti t u(*n 1 , 288-202 
Mining, 35, 40-51 
strij), .3.50, .381 
Minnesota, non ore, 425 
Mississippi, petroleiiin, 385 
Mississippi River, 40, 41 
Missouri Rivt*T, 40, 413 
Misti al, 157 

Mohawk Valley district, 490 
Mojaxe desert, 87, 222 

MolKvc*id(* lioniolographie projeetion, 547-548 

Molybd(*iiite, 440 

Mobbdenuin, 440-451 

Mongolia, jxipulation distribution, 18 

Mongolian desert, 224 

Mongolian plateau, 36 

Monsoons, 78 

Montana, copper, 457, 458 
Moraines, terminal and recessional, 44 
Motor vehicle industry, 510-512 
Mountain barriers, 156 
Mountain climates, 85, 87 
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Mountain passes, 35 
Mountains, 32 
as barriers, 35 
distribution, 33 
economic aspects, 33-36 
irrigation water from, 35 
life in, 35 
Mount Hood, 31 
Mount Kilimanjaro, 31 
Mount Vesuvius, 31 
Mules, 179 

N 

National income. United States, 481 
Nationalism, economic, and economic progress, 
541-542 

Native animal life, 58 (sec also Animal lile) 

Native vegetation, 57-58 (see also Plant hie) 
Natural environment: 

and economic activities, 54-55 
differentiated, impirtance of, 4-5 
man and, 4 

Natural gas, pipelines, 392 

Natural mndscape, and cultural landsc'ape, 55-56 
Natural resources: 
importance of, 4 
uneven distribution of, 537-538 
unused, 1 

Nauru Island, phosphates, 325 
Near East, petroleiun reser\'es, 395 
Netherlands: 

dairy industry, 254, 255, 256 
population distribution, 15 
Netherlands Indies: 
spices, 137 
tobacco, 249 
Nevada: 

copper, 457, 458 
population distribution, 15, 19 
New England: 
fisheries, 280 
rubber products, 504 
textile industry, 500, 501, 503 
wood pulp, 267 
Newfoundland, iron ore, 432 
New Jersey: 

population distribution, 15 
pottery, 299 
rubber products, 504 
silk processing, 197 
New Mexico, copper, 457, 458 
New Orleans: 
cotton port, 185 
sugar lining, 129 
New York City: 
sugar refining, 129 
wearing imparel industry, 503 
New YoK-rhiladelphia-Baltimore industrial dis- 
trict, 489 

New York state, population density, 15 
New Zealand: 
coal fields, 367 


New Zealand ( cont\l ) : 
dairy industry, 256 
iron ores, 434, 435 
wool production, 257 
Niagara Falls, 405, 410 
Niagara River, 408 
Nickel, 448-449 
Night, 65, 66 
Nile River, 40 
Nile Valley, 15, 19. 81, 318 
Nitrates, 28, 317, 320-323 
Chilean, 321, 322-323 
international trade, 323 
nitrate plants, 321, 322 
Nitrogen, sources of, 320-321 
Nomads, 152 

Nonferrous metals, 455-480 
aluminum, 462-467 
c'opper, 455-462 
lead, 467-470 
niugnesiiim, 477-479 
till, 474-477 
zinc, 470-474 
Noon, 551 
North AmcTica: 
ugriciiltiiral regions, 238 
cRiiiatic types, 200 
t*oal fields, 367 
Ice Agi\ 43, 44 

inlancf transportation routes, 535 
population aistribution, 14 
water power, 415 

Northeastern district, iron ores, 422 
Northern coniferous forests, 259-260 
Nortli Pole, 64 
North Sea, 27 
Norway: 
life in, 7 

water power, 415, 417 
wood pulp, 267 
Nutmeg, 137 
Nuts: 

kinds of, 140 
tiiiig, 189 

Nylon industry, 498, 502-503 
O 

Oats, 242-243 

production and distribution, 243 
Ocean airlines, 533-535 
Ocean currents and temperature, 70 
Oceania: 

iron ores, 434 
water power, 415, 418 
Oceanic climates, 85 
Oceiui Island, phosphates, 325 
Oceans: 

continents in relation to, 27 
greatest known depth, 26-27 
Ocean trunk routes, 531-533 
Ohio: 

coal, 358, 364 



INDEX 


567 


Ohio (confd): 

population density, 15 
pottery industry, 299 
sandstone, 296-297 

Ohio-Northeast Indiana pro\ ince, petroleum in, 383 

Oil palm, 121-122 

Oils: 

olive, 162 
soybean, 244 

tropical vegetable, 118-122 
Oil tankers, 393 
Oleomargarine, 244 
Olives, 162, 167 
Oman: 
dates, 150 

population distribution, 18 
Omong tea, 195 
Open-hearth furnace, 442, 484 
Oranges, 168-172 
Australia, 170 
California, 171 
China, 170 
Florida, 170-171 
Japan, 170 

Mediterranean countries, 168-170 
production, 169-172 
centers, 168 
South Africa, 170 
South America, 170 
Texas, 172 

United States, 170-171 
varieties, 169 
Ore bodies, 421 

Orient, inland transportation routes, 536 
Onigraphic rain, 78 
Overpopulation, 21-22 
remedies for, 22-24 


P 

Pacific Islands, inland transportation routes, 536 
Pacific Ocean, greatest known depth, 26 
Paints, 497 
Pakistan, cotton, 182 
Palestine, 14, 23 
orange production, 170 - 
Palm: 

coconut, 119-121 
dwarf, 159 
oil, 121-122 
Pampas, 176 
Panama, cacao, 118 
Panama Canal, 521, 525 
Paper industry, 266-267 
Parallels, 26, 543-544 
Passes, mountain, 35 
Pasture gniunds, 47 
Patch farming, 101 
Paterson, New Jersey, rayon, 501 
Peaches, 189 
Peanuts, 187-188 
Pearls, 285 


Peat, 352 
Pedalfers, 93 
Pedocals, 93 
Pekoe tea, 195 
Pennsylvania: 
coal, 358, 364 
iron and steel, 422 
pctnileum, 374, 375, 380-383 
population density, 15 
sandstone, 297 
PcppiT, 136-137 
Cayenne, 138 
Chili, 138 

Persia, petroh*um, 393, 398-399 

Personal ser\’ices, 54 

Peru: 

copper, 460 
cotton, 179 
jx'trolcum, 394 

IVsts and diseases, plant and animal, 10, 101 
Petroleum and petroleum industry, 54, 374-402 
barrel, 375 
capital inti*rests, 401 
conservation of, need for, 389-391 
dt‘fined, 377 
de\'t*lopment wells, 381 
early dLst‘o\’eries, 374-376 
early uses, 374 
economic importance, 376 
industrial significance, 376-377 
in foreign countries, 393-401 
Africa, 400 
Arabia, 399 
Asia, 397 
Australia, 400-401 
eastern Asia, 399-400 
Europe, 397 
Iraq, 399 
Persia, 398-399 
Romania, 397 
South America, 394-397 
southeastern Asia, 399 
Soviet Union, 397 
in United States, 380-388 
Appalachian province, 380-383 
California province, 387-388 
Gulf Coast province, 385-386 
Illinois-Southwest Indiana province, 384 
Michigan province, 383-384 
Mid-Continent province, 384-385 
Ohio-Northeast Indiana province, 383 
pipelines, map, 382 
pro\'inces, map, 382 
Rocky Mountain province, 386-387 
occurrence, mode of, 379-380 
origin and recovery, 388-389 
oudook, 401-402 
Pennsylvania grade, 383 
pipe lines, 391-392, 485, 520, 527, 528, 535 
production since 1876, 376 
properties of, 377-378 
refiiung, 378-379 
tank farms, 392-393 
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Petroleum and petroleum industry ( cant'd ) : 
transportation and storage, 391-393 
wildcat wells, 381 
Philadelphia: 

sugar refining, 129 
wearing apparel industry, 503 
Philippine mands: 
manganese, 445 
rice, 191, 193 
sugar cane, 131 
tobacco, 247, 249 
Phosphates, 28, 317, 323-327 
I'xport markets, 327 
United States, 326-327 
Pig iron, 441 
Pine forests, 177 

Pipe lines, 391-392, 485, 520, 527, 528, 535 
Pittsburch-Whe(*hnt£-Cloveland nuliistrial dislrit 1, 
488-489 

Pittsburgh-Youngstown district, non and steel, 427 
Plains of tlie world, 32-33 
Plankton, 276-277 
Plantain (banana), 112 
Plantations: 
banana, 114 

ill rainy tropics, 101-104 
rubber, 124 
in Far East, 125-127 
Plant life ( see aha Vegetation ) : 
arid regions, 224 

dry suDtropical regions, 157-159 
east coast continental region, 206-207 
humid continental regions, 203 
humid subtropical n'gions, 176-177 
subpolar region, 213 
tropical liignland climate, 108-109 
tropical rainy climate, 99 
tropical savanna climate, 106 
tropical steppes, 145 
warm desert regions, 149 
west coast marine region, 209 
Plastics, 498 
Platano (banana), 112 
Plateaus, 32 

economic aspects, 35-36 
Playa lakes, 41 
Po Basin, 416 

Podzolic soils, gray-brown, 92 
Podzols, 92 
Poland: 

iron ores, 438 

population distribution, 15 
sugar beets, 245 
zinc, 472, 473 

Polar climates, 84, 87, 269-274 
tundra, 269-273 
Polar front, 75 

Polar regions, inland transportation routes, 536 
Poles, 26 
Polo, Marco, 374 
Polyconic projection, 547 
Polymerization process, 378 


Population : 
and plains ar(*as, 33 
ureas of intermediate density, 19-20 
contrasts in, 8 
dense, 11-13 

“big three’' areas, 15 
eans(‘s, 15-18 

eeononiie-geographie efleets, 20-21 
lands with, 15 
distribution, 11-24 
present. 14 

number oi people per square* mile, 14 
o\et population, 21-22 
n*ni(*dies, 22-24 
shifts, 23 
sp.irse, 12, 13, 14 
I lands with, 18-19 
I world, d(‘nsity, 16 
Porcelain, 299-300 
Portland eein(*nt, 306-307, 347 
Polls, lhnt(*d Stat(*s. 529 
Potash, 28, 317, 327-332 
Kill ope, 331 

outlook (oi nidustrv, 331-332 
regions of production, 330-331 
sources, j 28-329 
Uniled States, 329-331 
uses, 329 
Potassium, 328 
Potatoes, 189 
Pottery . 

foreign eoimtrit‘S, 299-300 
United States, 298-299 
Poultr}% 179 
industry, 161 
J’ower: 

and prodiielion, 2 
in factories, 2-3 
on farms, 3 
resoiirc'es, 333-346 
animal, 517-518, 524 
fundamental to industrial progress, 346 
human shu'es, 333-334 
transportation, and economic distance, 3 
water (see Water power) 

Power Age, 292 
Prairies, 89-90 
! soils, 92 

Piecipitation, 78-81 (sec also Rainfall) 
annual amount, 79-80 
as climatic element, 79-81 
humid continental region, 202-203 
repri'sentation, on maps, 78 
world distribution, 78-79 
Pressure gradient, 72 
Prevailing westerlies, 74 
belts of, 75 

Pribiloi Islands, 284, 285 
Primary rock (see Igneous rock) 

Production, 1 

capacity of, differences m, 8 
dmerent kinds of, 5-8 
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Production (confd): 
factors of, 3-4 
power and, 2 

uneven distribution and diversity of, 53t)-51() 
Professional services, 54 
i’rogress, problems of, 10 
Protein synthetics, 498 
Prunes, 163-164 
Psychrometer, 67, 76 
Public services, 54 
Puerto Rico: 
population density, 15 
sugar cane, 131 
Pulp, wood, 266-267 

Q 

Quarrying, 50, 297, 302 
Quartz, 29, 288-289 
composition of, 28 
Quartzite, 303 
composition of, 30 
Quincy granite, 295 
Quinine, 138 

R 

Rabbits, 268 
Radiation, 61, 62 

Railroad transportation, 518-519, 520, 521-522, 
527, 528 

Railway equipment indusliy, 509-510 
Rain: 

convectional, 78 
cyclonic, 78 
orographic, 78 
Rainfall. 

and population distribution, 80-81 
and vegetation, 80 
average annual, world map, 79 
dry subtropical legions, 154, 156-157 
east coast continental regions, 206 
humid .subtropical regions, 175-176 
intensity, 80 
measurement, 78 
subpolar regions, 213 
tropical rainy climate, 97-98 
tropical savanna (‘limatc, 105 
variability, 80 

west coast marine regions, 209 
Raisins, 165 
Rangoon oil, 374 
Rattan, 140 

Rayon, industry, 498, 501-502 
Recessional moraines, 44 
Recreation, 14 
Red River, Indo-dhina, 40 
Reindeer, 272, 273 
Relative humidity, 76, 78 
Relief, defined, 32 
Resins, types of, 140 

Resources, utilization of, more adequate, 22*23 
Rhine River, 40 

Rhode Island, population distribution, 15 


I Rhodesia, copper, 461 
Ihce, 190-193 
culture, 192-193 
international trade, 193 
production: 

distribution, 191 
methods, 192 
world, 193 

regions when* grown, 191, 193 
social r(‘lati()n.ships, 192-193 
temjx*iature requirements, 190 
upland, 190 
Him ol Kire, 33 

Rio d(‘ Oro, population distribution, 19 
Hiv'er regime, meaimig ol, 408 
H(Mds, 526-527 

Hock constituent mineials, 288-292 
Hock -ioi inn ig mmeials, 28 
Hock oil, 375 
Hock.s, 28, 29 

common, mo.st significant, 292-308 
decav (see Weatliering j 
dilh'ientialed from stone, 29 
ignc'ons, 292-296 

minerals and, as enmomic resonrc(*s, 288 
rpiairics, 297 
s(‘condarv, 296-303 
Hock) Mountains, 33 
I petroleum, 386-387 
i Homania, j)(‘trolcum, 374, 393, 397 
Ho.scwood, 140 
Rubber, 123-127 
labor needs, 124-125 
Para, 126 
plantations, 124 
Far East, 125-127 
preparing, for shipment, 124 
products, 504 
.synthetic, 126-127, 504 
tapping the tices, 124 
United States, 504 
wild, 124 

Ruhr district, 370, 486, 487, 493 
iron ores, 436, 437 
Hn.ssia: (See also Soviet Union) 
copper, 461 
cotton, 186 

fur production, 267-268 
high birth rate, 24 
iron oics, 439 
Rye 236 
Ryukyus, 33 

S 

Saar district : 
coal, 367, 368 
iron ores, 436 
Sage brush, 219 
Sahara de.sert, 18, 41, 42 
St Anthony Falls, 410, 411 
St. Lawrence River, 408 
Salmon fisheries, 281, 282, 283 



INDEX* 


570 

Salt, 28, 285, 312-313 
distribution, 313 
uses, 312-313 
Salt flats, 149 
Samoyeds, 271 
Sandalwood, 140 
Sand dunes, 42 
Sandhills, 42 
Sandstone, 296-298 
Sandy spits, 41 
Santa Ana, 157 
Satinwood, 140 

Saudi Arabia, petroleum, 393, 395 
Savannas, 89 

Scandinavian Highlands, 33 
Schist, 303 

Scotland, industrial n'gions, 492 
Scrap iron and scrap steel, 442-443 
Scrub forests, 158 
Sealing, 47, 284-285 
Searles Lake, 329 
Seas: 

economic significance of, 275-286 
epicontinental, 28 
Seasons, 64 

and heat distribution, 65-66 
changes in wind directions, 75-76 
Seaweeds, 285 
Secondary rocks, 296-303 
Sedimentary rock, 30 
Selkas, 149 
Semianthracite, 354 
Semiarid regions, intermediate, 216-222 (see also 
Intermediate semiarid regions) 

Semibituminous coal, 350, 354 
Services, types of, 54 
Shales, 298-299 
Sheep, 159, 161, 224 
Australia, 257 
international trade, 258 
principal sheep-raising regions, 257 
ranching, 221 
United States, 257-258 
warm desert regions, 151, 152 
wool production and trade, 257, 258 
Sheet erosion, 39 
Shellfish, 285 

Shipbuilding, 334-335, 513-514 
Shrubs, 89, 90 
Siberia, 18 
Siberians, 272 
Eskimos, 5 
Sicily, sulphur, 317 
Siderite, 421 

Siemens, Sir WiUiam, 442 
Sierozems, 93 
Sierras, 33 
Si Kiang River, 40 
Silesian coal fields, 370 
Silica brick, 296 
Silk, 196-197 
distribution, 196-197 


Silk (cont*d): 
industry, 501 
processing, 197 
pnxluctioii, 196-197 
Silver, German, 471 
Simoon, 157 
Sinks, 41 
Sirocco, 157 
Slate, 303, 304 
Slaves, human, 333-334 
Sleeping sickness, 102, 140 
Smyrna: 
figs, 163 
raisins, 165 
Snow, 43 
Soap, 497 
Sofh\^o()ds, 138 
Soils, 90-94 

black, and related soil areas of world, 228 

characteristics, 90-92 

color, 91, 92 

c'onserv’ation, 9.3-94 

(It)^ subtropical regions, 159 

forest, 93 

horizons, 91 

humid continental region, 203-205 
humid subtropical regions, 177-178 
nia]r>i groups, 92-93 
mature, 91-92 
old, 91, 92 
rainy tropics, 99-100 
subpoliu* region, 213 
tobacco, 246, 248 
tropical highland climate, 109 
tropical savanna c*hmate, 107 
tropical steppes, 145-146 
warm desert regions, 149 
west coast marine region, 209 
voung, 91 
Solstices, 64 

Soinahlaiids, population distribution, 18 
South, industry in, 490-492 
South Africa: 
coal, 372 

orange production, 170 
plateau, 35 
sheep, 257 
South America: 
beef industry, 253 
cacao, 117-118 
coal, 367, 371-372 
coftee, 134-135 
cotton, 186 

inland transportation routes, 536 
iron ores, 432-433 
orange production, 170 
petroleum, 394-397 
population distribution, 14 
sheep, 257 

water power, 415, 418 
Southeastern district, iron ores, 422 
Southwest Africa, population distribution, 18-19 
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Soviet Union: I 

baric)’, 244 
coal, 371 

iron ores, 439-440 
manganese, 444-445 
petroleum, 393, 397 
water power, 415, 417 
zinc, 472 

Soybeans, 244, 245 
Spain: 
dates, 150 
grapes, 165 
lead, 470 
life in, 7 

orange production, 169 
Specific humidity, 76 
Sphalerite, 470, 471 
Spheres, earth, 26-28 
Spice Islands, 137 
Spic*es, 136-138 
distribution, 136-138 
kinds, 136-138 
Spi(»geleisen, 443 
Spits, sandy, 41 
Sponge's, 285 

Stanclard of living, reduced, 23 
Steel: 
alloy, 442 
finishing mills, 427 
industry: 

exolutioii of, 441-442 
United States, 425-426 
iron and (see Iron and steel) 
scrap, 442-143 
Steppes, 90 

middle latitude, 87 (.see also Intermediate senii- 
arid regions) 
settlement of, 229-230 
tropical, 86, 143-146 
Stone, 29 

in building industry, 52 
Stone Age, 292 
Stone Mountaiii, Georgia, 295 
Stratosphere, 26 
Streams: 

agents of enision, 39-41 
early sources of power, 403 
favorable for water power development, 407-408 
Strip mining, 359, 361 
Sub-bituminous coal, 350, 352-353 
Subpolar regions, 87, 211-215 
land iitibzation, 213-215 
plant life, 213 
rainfall, 213 
soils, 213 

temperature, 211-212 
wands and storms, 212-213 
Subsistence agriculture, 47-48 
Subsoil, 91 

Subtropical climates, 83-84, 86 
defined, 154 

Subtropical highs, 73, 74 


I Sugai. 

beet \s. cane, 246 

principal producing countrii's, 129, 131 
Sugar beets, 244-246 
climatic recjuirenients, 245 
districts, in United Stales, 246 
intensive culture, 245-246 
legions of production, 245 
vs. sugar cane, 246 
Sugar cane, 127-131 
climate conditions, 127 
commercial production, 1.30 
international trade, 130 
principal producing countries, 129 
priKluction and distribution, 127-129 
Sulphur, 28, 314-317 
Italv, 317 
prodiu'tion, 315 
United States, 314, 315-316 
uses, 315 

Sulphuric acid, 496-497 

Sultana grapes, 165 

Summer-dry subtropical climate, 155 

Sun, relation of earth to, 25 

Surinam, bauxite, 463 

Sweden, 43 

ioH'sts, 260, 261 
iioii ores, 437-438 
water power, 415, 417 
Switzt'rLind: 
dairy industry, 255, 256 
])opulatir)n distribution, 15 
w'ator power, 415, 417 
Synthetic rublnT, 504 
Synthetics, fiber, 498, .50 1-503 

T 

Tanganyika plateau, .15 
Tankers, oil, 393 
Tank farms, petroleum, 392-393 
Far, 374 

3’aylor, Allen, 475 
Tea, 193-196 

commercial production, 194-196 
distribution, 194-196 
historical development, 194 
regions where grown, 194, 195 
Teakwood, 139, 140 
Teamwork, 12 

Technical development, differences in, 8-9 
Telecommunications, 536-537 
Temperate climates, 84 
Teiiiperature, 60-71 
and altitude, 70 

and unequal heating of land and water, 67, 70 

as climatic element, 70-71 

dry subtropical regions, 156-157 

east coast continental region, 206 

heat distribution without circulation, 67 

humid continental regions, 200-201 

humid subtropical r^ions, 174-175 

ocean currents and, W 
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Temperature (confd): 
range, 67 

subpolar region, 211-212 
tropical rainy climate, 97 
tropical savanna climate, 104 
west coast marine region, 208 
Tennessee, phosphates, 325 
Tennessee River Basin, 411 
Terminal moraines, 44 
Terraces, 40 
marine, 41 
Texas: 
cattle, 252 
figs, 163 
grapefruit, 189 
oranges, 172 
peanuts, 188 
petroleum, 385 
sulphur, 314 

Textiles and textile products, 498-503 
cotton, 499-501 
Great Britain, 501 
United States, 499-501 
world distribution, 499 
knit goods, 503 

machinery for manufacturing, 506-507 
nylon, 502-503 
rayon, 501 
silk, 197, 501 
wearing-appart*!, 503 
worstt‘d and woolen goods, 503 
Thermograph, 67 
Thennometer, 67 
Thickets, 158 
Tieks, 179 
Time: 

reckoning, 551 
standard, 551-552 
Tin, 420, 474-477 

outlook tor future, 476-477 
uses, 475-476 
world production, 475, 476 
Tobacco, 246-250 
Asia, 249 
curing, 248, 249 
Europe, 249 

international trade, 247, 250 
regions of growth, 247, 249-250 
sous, 246 
Turkish, 250 
United States, 248 
Tomatoes, early, 189 
Townships, 549-551 
Trade, 52-53 

centers, industrialization near, 487 
climate dissimilarity base of, 59 
index to civilization, 540-541 
Trade winds, 74 
Transocean transportation, 528 
Transportation, 3, 52, 53 
across mountains, 35 
airplane, 519-520, 528, 530 


Transportation ( cont*d ) : 
aiul eommcrec, 515-537 
and regional specialization, 515-517 
animal power, 517, 524 
automobile, 519, 524 
climate and, 525-527 
forms of, 517-530 
compared, 517, 520-521 
highway, 526-527 
human, 524 
inland intercity, 520 
inland routes, 535-537 
map, 534 

ocean airline, 533-535 
ocean trunk, 531-533 
railroad, 518-522, 527, 528 
speed and cost, 527-530 
terrain and, 521 
waterways, 521, 522, 525-526 
world routes and patterns, 530-537 
Transportation i‘quipineiit industries, 509-514 
aircraft, 512-513 
boat and shipbuilding, 513-514 
motor \’i*hiclc, 510-512 
railway, 509-510 
Trapping commercial, 46-47 
Trap roi k, 296 

Trees, humid subtropical regions, 176-177 
Tropical climates, 83, 86 
life in, 6 

Tropic al highland climate, 86, 107-110 
agriculture, 109 

charactcTistics, 108 , 

plant hfc, 108-109 
regions, 108 ^ 

soils, 109 

white settlement, 109 
Tiopical rainy climate, 86, 97-104 
agriculture, 1 00- 1 04 
countries and regions in, 97 
plant and animal life, 98-99 
plantations, 101-104 
prcssuie and winds, 97 
rainfall and humidity, 97-98 
soils, 99 
temperature, 97 

Tropical savanna climate, 86, 104-107 
agriculture, 107 
cyclones, 105 
plant life, 106 
rainfall, 105 
regions, 104 
soils, 107 
winds, 104 
Tropical steppes: 
agriculture, 140 
animal life, 145 

general characteristics, 143-145 
plant life, 145 
regions, 143 
soils, 145-146 

Tropical vegetable oils, 118-122 
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Tropic of Cancer, 64, 65 
Tropic of Capricorn, 64, 66 
Troposphere, 26 
Trucks, freighting hy, 523, 524 
Tse-tse fly, 101, 102, 140 
1 una fisheries, 28 1 
Tundra regions, 90, 269-273 
Alaska, 270 
climate, 269-271 
economic significance, 273 
extent, 269 
human activities, 271 
natives, 271 
resources, 271 
soils, 92 
Tung nuts, 189 
Tungsten, 451-453 
Turkestan: 
cotton, 179 
Russian, 35 
Turkey, figs, 163 
Typhoons, 105 

U 

Uganda, cotton, 179 
Ukraine, sugar beets, 245 
United Kingdom, 
coal production, 368-370 
zinc, 472, 474 
ti lilted Stales. 

automobile mamdacture, 510-511 
barley, 244 

beef industry, 252-253 
coal, 358-368 

commercial fertilizers, 319, 320 
copper, 457-458, 461 
corn, 236-241 
cotton, 182-185 
fisheries, 280 

fur production and coiisuiiiption, 268 
industrial development [see Tndustri.il clexelop- 
ment in United States) 
iron ores, 421-425 
lead, 469 

limestone, 302-303 
lumber industry, 261-264 
tables and charts, 262, 263 
national income, 481 
oranges, 170 
peanuts, 188 

petroleum, 380-388 {see also Petroleum- United 
States ) 

phosphates, 324-327 
population distribution, 15 
ports, export capacity, 529 
potash, 329-331 
quarries, 297 
rice, 192-193 
soybeans, 245 
textile industry, 499-501 
water power, 409-415 
wheal, 230-238 
Uranium, 292 
search for, 54 
source of power, 347 


Utah: 

copper imning, 457 
iron ore mining, 424 
Utilities, 1 

V 

Vanadium, 453-454 
Vanilla, 137-138 
Varnishes, 497 
Vegetable i\ory, 140 
Vegetable oils, tropical, 118-122 
Vegetables: 
early, 172-173 

humid subtropical regions, 188-189, 190-193 
Vegetation ( sec also Plant life ) : 
climate and, 87, 88, 89 
native, 57-58 
rainfall and, 80 
sand dunes and, 42 
Venezuela, 
iron orc', 433 
petroleum, 393 

Venmlion Range, iron ore, 422 
Volcanic mountains, 31 
V^ileaiiism, 31 

W 

Wales, 
coal, 369 
slate*, 304 

Warm desert legions, 86, 146-153 
agricultural industries, 149-152 
animal life, 150-152 
dates, 150 
extent, 146-147 

general characteristics, 147-148 

herding, 150-152 

life in, 152-153 

plant hie, 149 

soils, 149 

utih/ution of land, 148-149 
Water, 292 
as solvent, 80 

Ixidies, influence on en\ iroiiinent, 56-57 
cycle, 27 

erosion and deposition by, 39-41 
irrigation water from mountains, 35 
inas.ses, large, and cliiiiati*, 84-85 
unequal heating ol land and, 67, 70 
Water buflalo, 140, 252 
Water jxiwcr, 403-419 
Africa, 418 

and industry, 418-419 

Asia, 417-418 

cost of, 419 

early, 403 

Europe, 415-417 

mechanics of, 403-407 

Oceania, 418 

South America, 418 

streams favorable for, 407-408 

United States, 409-415 

world, 415 

potential, 408-409, 415 
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Waterways, 525-526 
inland, 520 

Waves, land features caused by, 41 
Wearing-apparel manufactures, 503 
Weather: 

and climate, 60-61 
elements of, 66-81 
factors affecting, 61-66 
forecasting, 61, 66 
Weathering, 37-38 
chemical, 38 
decomposition, 37, 38 
disintegration, 37-38 
frost, 37-38 

West, industry in, 490, 492 
West coast marine regions, 87, 208-211 
land utilization, 210-211 
plant life, 209 
rainiall, 209 
soils, 209-210 
temperature, 208 
winds, 208-209 

Western district, iron ores, 424 
West Indies: 
climate, 97 
cotton, 180 

West Virginia, coal, 358, 359, 363 
Whaling industry, 47, 283-284 
Wheat, 161, 227-236 
Argentina, 233-234 
Australia, 234 

climatic adaptability of, 227 
colonization of temperate grasslands, 229-230 
exports, Canadian and United States, 233 
harvesting, 229 
in Europe, 234-235 
in North America, 230-233 
Columbia Plateau, 232-233 
hard red spring wheat, 230, 232 
hard red winter wheat, 232 
soft winter wheat, 232 
international trade, 235-236 
moisture requirements, 228 
planting season, 227-228 
regions of production, 230-235 
semiarid regions, 220 
soil requirements, 228-229 
species, 227 
summer, 227-228 


Wheat (confd): 
winter, 227-228 
yields, 235 
Wind belts, 73 
Wind rose, 73, 74, 76 
Winds: 

air pressure and, 71-76 
direction, seasonal changes in, 75-76 
dry subtropical regions, 157 
east coast continental region, 206 
erosion and deposition by, 41-42 
humid continental regions, 201-202 
humid subtropical regions, 175 
prevailing, diiection of, 73 
subpolar region, 212-213 
trade, 74 

tropical rainy climate*, 97 
tropical savanna climate*, 104 
west coast marine rc'gions, 208-209 
Wine-making indiistrv, 165-166 
Wood, 52 

semiprecious, 139 
tropical, 138-140 

commercial production, 138 
distribution, 139-140 
Wood pul}'! and paper, 266-268 
Woolen goods, 503 
World. 

distribution of lu*at, 70 
population distribution, 14 
wind belts, 72 
World Wai II, 17, 23, 24 
and industrial de\'elopment, 493-49^ 
rubber and, 124 

Wor.sted goods, 503 ^ 

Wyoming, population distribution, 19 

Y 

Yangtze River, 40 
Yukaghir, 271 

Z 

Zebu, 140 
Zinc, 420, 470-474 
distribution, 471 
foreign production, 473-474 
production statistics, 471, 472 
United States, 471-473 
uses, 471 

world smelter production, 472, 473-474 











